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LETTER  OF  TRANSMITTAL. 


War  Department, 

Washington,  April  8, 1919. 

Sir:  I  have  the  honor  to  transmit  herewith  a  letter  from  the  Acting 
Chief  of  Ordnance,  United  States  Army,  of  this  date,  submitting,  for , 
transmission  to  Congress,  as  required  by  law,  the  report  of  the  com- 
manding officer  of  Watertown  Arsenal  of  "tests  of  iron  and  steel  and 
other  materials  for  industrial  purposes "  made  at  that  arsenal  during 
the  fiscal  year  ended  June  30,  1918. 
Very  respectfully, 

Newton  D.  Baker, 

Secretary  of  War. 

The  Speaker  of  the  House  of  Representatives. 
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War  Department, 
Office  of  the  Chief  of  Ordnance, 

Washington,  April  S,  1919.. 
From:  The  Ordnance  Office. 
To :  The  Secretary  of  War. 
Subject:  Annual  Report,  Tests  of  Iron,  Steel,  etc.,  1918. 

I  submit  herewith,  for  transmission  to  Congress,  as  required  by 
law,  the  report  of  the  commanding  officer  of  Watertown  Arsenal  of 
"tests  of  iron  and  steel  and  other  materials  for  industrial  purposes" 
made  at  that  arsenal  during  the  fiscal  year  ended  June  30,  1918. 

W.  S.  Peirce. 
Brigadier  General,  Ordnance  Department,  V.  S.  Army, 

Acting  Chief  of  Ordnance. 


Watertown  Arsenal, 
Watertown,  Mass.,  March  &4, 1919. 

From:  Commanding  Officer,  Watertown  Arsenal,  Watertown,  Mass. 
To:  Chief  of  Ordnance,  United  States  Army,  Washington,  D.  C. 
Subject:  Annual  Report  of  Tests  of  Metals,  etc.,  for  tho  year  ending 
June  30,  1918. 

1.  The  annual  report  of  tests  of  iron,  steel,  and  other  materials 
made  at  this  arsenal  during  the  fiscal  year  ending  June  30,  1918, 
is  submitted  herewith. 

2.  The  total  number  of  specimens  tested  during  the  year,  exclusive 
of  those  carried  out  dining  the  course  of  experiments,  and  not  finally 
reported  with  the  experiments,  was  12,248,  classified  as  follows: 

For  Ordnance  Departments 12, 136 

Testa  for  private  parties 112 

12, 248 

This  shows  an  increase  of  91.2  per  cent  over  the  figures  of  last 
year,  the  total  number  of  tests  made  during  the  year  ending  June 
30,  1917,  being  6,104. 

3.  The  totalnumber  of  chemical  analyses  for  the  fiscal  year  ending 
June  30,  1918,  was  7,773.  This  is  an  increase  of  236.6  per  cent  over 
the  figures  of  last  year,  namely,  2,337. 

4.  Tho  total  number  of  photomicrographs  made  during  the  past 
fiscal  year  was  590.  This  does  not  represent  the  number  of  micro- 
scopic examinations,  but  only  such  examinations,  a  report  of  which 
required  illustration.  This  shows  an  increase  of  44.6  per  cent  over 
that  of  the  preceding  year. 
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5.  The  receipts  and  expenditures,  exclusive  of  special  allotments 
received  both  for  the  purpose  of  additional  buildings  and  additional 
equipment,  were  as  follows: 

Amount  allotted  for  testing  machine  and  testing  work $24, 900. 00 

Received  from  private  teste 973. 75 

Total  received 25, 873. 75 

Amount  expended  for  services,  labor,  etc 18, 846. 07 

Amount  expended  for  light,  power,  tools,  implements,  and  material  for 
tests 7,027.68 

Total  expended 25,873.75 

6.  The  work  of  the  laboratory  has  been  divided,  as  in  former  years, 
among  the  following  classes: 

(a)  Ttoutine  testing  of  manufactured  and  purchased  material  and 
tests  in  connection  with  the  current  operations  of  the  arsenal.  This 
class  of  work  has  undergone  a  decided  increase,  as  the  above  figures 
show,  and  the  fiscal  year  ending  June  30,  1919,  will  show  a  still 
further  increase.  The  routine  chemical  work  has  been  increased  by 
the  operation  of  the  new  steel  plant,  and  the  routine  physical  testing 
will  be  decidedly  increased  during  the  fiscal  year  ending  June  30, 
1919,  by  the  operation  of  the  gun-forging  plant  and  the  enlarged 
projectile  plant. 

(b)  Investigative  tests:  (1)  Material  submitted  to  the  depart- 
ment claimed  to  be  of  novel  or  superior  value  for  its  use.  (2)  Material 
which  has  developed  defects  in  manufacture  or  service. 

(c)  Research:  Instituted  for  the  purpose  of  improving  ordnance 
materials,  or  the  technique  of  thoir  manufacture.  Considerable 
development  work  has  been  carried  out  during  the  past  fiscal  year, 
the  reports  on  which  will  be  published  in  later  issues  of  the  Tests  of 
Metals. 

(d)  Assistance  in  the  manufacturing  difficulties  of  the  arsenal. 
The  greatest  attention  has  been  {riven  to  this  particular  portion  of 
of  the  laboratory  work,  and  the  development  of  the  manufacturing 
facilities  of  this  arsenal  has  necessarily  increased  this  portion  of  the 
activities  of  the  laboratory  many  fold. 

(e)  Private  tests.  Private  tests  have  been  sacrificed,  due  to  the 
urgencies  of  the  present  situation,  the  number  of  such  tests  being 
decidedly  smaller  than  for  the  previous  year.  Under  the  heading 
"Private  tests,"  calibrations  are  not  included.  The  number  of 
calibration  tests  made  for  outside  concerns  engaged  on  ordnance 
work  is  far  in  excess  of  those  made  at  any  time  during  the  history  of 
this  laboratory. 

7.  All  tests  in  the  above  classes  are  herein  reported  in  such  detail 
as  the  nature  of  the  tests  and  importance  of  information  appear  to 
justify.  Certain  other  reports  and  information,  which  would  nomi- 
nally be  published,  are  being  withheld  for  the  present.  Further- 
more, no  report  is  given  of  the  assistance  in  the  manufacturing 
activities  of  this  arsenal,  with  the  exception  of  such  work  as  requires 
the  institution  of  some  research  to  solve  the  difficulties  encountered. 
Any  such  research  instituted  will  be  reported  under  the  heading 
"Research  instituted  for  the  improvement  of  ordnance  materials  or 
the  technique  of  their  manufacture." 

8.  In  the  last  Tests  of  Metals  it  was  stated  that  the  study  of  the 
significance  of  the  Charpy  shock  test  was  being  continued.    A  sum- 
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mary  report  is  being  published  in  this  issue,  and  the  installation  of  a 
large  Charpy  machine,  togetner  with  other  shock-testing  machines, 
will  enable  this  investigation  to  be  pursued  in  a  more  elaborate  way 
than  has  been  previously  attempted.  It  may  be  of  interest  to  note 
that  shock  tests  are  now  being  conducted  on  steel  at  various  tem- 
peratures. 

9.  The  work  on  gun-wrapping  wire  has  practically  been  completed 
in  so  far  as  this  laboratory  s  investigations  are  concerned,  but  the 
final  results  can  not  be  given  in  this  volume.  The  installation  for 
the  determination  of  occluded  gases  in  metals  has  been  very  satis- 
factory, and  this  investigation  has  been  steadilv  pursued.  The 
present  fiscal  year  will  see  some  of  these  results  applied  m  a  practical 

10.  Special  attention  is  also  being  given  to  the  study  of  erosion, 
and  special  investigations  are  also  being  carried  out  for  the  Nitrate 
Division  of  the  Ordnance  Office.  The  laboratory  has  been  directly 
interested  in  the  production  of  several  special  guns,  and  has  also  been 
called  upon  to  carry  out  tests  on  thin  armor  plate,  these  tests  involving 
the  making  of  the  steel,  forming  into  plate,  and  the  carrying  out  of 
the  necessary  proof  and  physical  tests. 

1 1 .  A  great  deal  of  equipment  has  been  added  to  the  laboratory, 
and  considerable  additional  space  provided.    It  is  considered  at  the 

{>resent  time  that  the  laboratory  facilities  and  the  relation  of  the 
aboratorv  to  the  plant  is  such  that  it  is  possible  to  undertake  almost 
any  metallurgical  investigation  which  might  be  desired. 

T.  C.  Dickson, 
Brigadier  General,  Ordnance  Department, 

United  States  Army,  Cornmaridinq. 
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MATERIAL  SUBMITTED  TO  THE  DEPARTMENT  CLAIMED 
TO  BE  OF  NOVEL  OR  SUPERIOR  VALUE  FOR  ITS  USE,  OR 
MATERIAL  WHICH  HAS  DEVELOPED  DEFECTS  IN  MANU- 
FACTURE OR  SERVICE 
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EZAMIVATIOH  OF  BROKE*  PISTOIT  BOD,  15-POTJHDER  BAR- 
BETTE CARRIAGE,  MODEL  OF  1898X1,  HO.  86,  FROM  FORT 
STROHG,  MASS. 

OBJECT. 

This  rod  was  submitted  to  the  laboratory  with  the  request  that  the 
cause  of  failure  be  ascertained.  An  examination  of  the  rod  as  it  was 
delivered  to  the  laboratory  showed  that  it  had  broken  with  a  crys- 
talline fracture  at  the  termination  of  the  threads  provided  for  the 
nuts  which  secured  the  rod  to  the  cradle.  No  measureable  deforma- 
tion was  present. 

conclusions. 

The  failure  of  this  rod  was  due  to  the  use  of  material  which  was 
not  of  the  proper  composition.  It  is  not  believed  that  the  steel  used 
could  have  been  heat  treated  in  any  way  so  that  it  would  have  been 
satisfactory.  The  carbon  content  was  approximately  1.1  per  cent, 
which  gives  a  material  which  has  very  little  resilience,  or,  in  other 
words,  resistance,  to  suddenly  applied  stresses.  The  design  of  the 
rod  is  such  that  an  abrupt  change  of  section  is  present.  To  overcome 
this  feature  of  design  and  avoid  failure  at  the  point  of  abrupt  section 
change,  it  will  be  necessary  to  use  a  material  having  very  high  resist- 
ance to  shock. 

As  will  be  shown  later  in  the  description  of  the  experimental  work, 
an  abrupt  section  change  in  a  tensile  bar  broken  by  shock  very 
materially  reduces  the  necessary  foot-pounds  required  to  rupture  the 
bar.  In  the  particular  steel  used  in  the  piston  rod  under  examina- 
tion, an  abrupt  section  change  reduced  the  shock-resisting  power  of 
a  given  sized  bar  to  one-twenty-fifth  of  that  obtained  on  a  uniform 
diameter  specimen.  This  shows  conclusively  that  wherever  stresses 
are  suddenly  applied,  abrupt  section  changes  are  very  disastrous. 
This  has  been  known  for  many  years,  but  very  few  exact  quantitative 
measurements  have  been  made. 

It  is  recommended  that  in  case  any  of  the  piston  rods  of  this  car- 
riage are  replaced,  that  they  be  made  from  steel  which  before  accept- 
ance must  give  a  Gharpy  result  of  at  least  300  foot-pounds  absorbed 
per  square  inch  on  the  standard  transverse  bar.  It  is  believed  that 
this  precaution  will  prevent  future  failures,  but  in  the  event  that  it 
should  not,  the  trouble  is  evidently  with  the  design. 

EXPERIMENTAL. 

A  chemical  analysis  was  made  with  the  following  results: 


c. 

Mn. 

'Si. 

8. 

P. 

Percent. 
1.11 

Percent. 
0.23 

Percent. 
0.105 

Percent. 
0.023 

Percent. 
0.015 
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This  analysis  shows  that  the  material  employed  in  the  manufacture 
of  this  piston  rod  represents  a  very  good  grade  of  carbon  tool  steel. 
The  following  analysis  would  represent  a  far  more  suitable  compo- 
sition, and,  furthermore,  it  could  oe  so  treated  that  high  shock  resist- 
ance could  be  obtained. 


c. 

Mn. 

Si. 

NL 

Percent. 
0.35-0.40 

Percent. 
0.50-0.80 

Percent. 
0.15-&35 

Percent. 
3.00-3.50 

Two  standard  tensile  bars  were  taken  from  the  extreme  ends  of  the 
rod.  A  portion  of  the  stock  between  these  specimens  was  utilized 
for  turning  up  two  tensile  Charpy  bars  with  the  notch  and  two  tensile 
Charpy  bars  of  uniform  diameter,  the  diameter  of  the  unnotched 
bars  being  the  same  as  the  diameter  of  the  notched  bars  at  the  root 
of  the  notch.  Eight  transverse  notched  Charpy  bars  were  also  taken. 
The  results  of  the  tests  on  these  specimens  are  recorded  below. 

Table  No.  I. — Static  tensile  test — Standard  0.505-inch  diameter  test  ban. 


Marks. 


1 
3 


*SHB&*  SA 


(pounds 

per  square 

inch). 


49,500 
64,500 


(pounds 

per  square 

inch). 


113,500 
91,500 


in  2  inches 
(per  cent). 


Elongation  Contraction 


9.0 
25.0 


of  area 
(per  cent). 


9.5 
51.9 


Brinell 

hardness 

No. 


223 
175 


Table  No.  2. — Tensile  Charpy  bars  without  notch. 

iches  to  a  diameter  equal  t 
at  the  root  of  the  notch.] 


[Bars  tinned  down  for  a  distance  of  2  inches  to  a  diameter  equal  to  that  of  the  diameter  of  the  notched  bar 

oich.1 


Diameter 
(inch). 

Sectional 

area 

(square 

inch). 

Charpy  test  results. 
• 

Average 
value 

(foot- 
pounds 

per 
square 
inch). 

Elongation  in  2 
inches. 

Diame- 
ter at 
fracture 
(inch). 

Contrac- 
tion of 
area 
(percent). 

Excess 
angle. 

Foot- 
pounds 
aosorbed. 

Foot- 
pounds 

per 
square 

inch. 

Inch. 

Percent. 

a  238 
.237 

a  0444 
.0441 

110.8 
105.5 

62.24 
72.27 

1,401 
1.638 

}    1,519 

/     0.12 
\      .28 

6.0 
14.0 

a  210 
.180 

22.0 
42.4 

Table  No.  3. — Tensile  Charpy  bars  with  notch. 


• 

Diameter 
(inch). 

Sectional 

area 

(square 

inch). 

Charpy  test  results. 

Average 
values  (foot- 
pounds 
per  square 
inch). 

Excess 
angle. 

Foot- 
pounds 
absorbed. 

Foot- 
pounds 
per  square 
inch. 

a  240 
.242 

0.0452 
.0459 

151.1 
151.7 

2.95 
2.37 

65.2 
51.6 

}         58.4 
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Table  No.  4. — Transverse  Charpy  bars  with  notch. 
(Specimens  were  10  by  10  by  56  mm.) 


Dimensions. 

Sectional 

area 

(square 

inch). 

Charpy  test  results. 

Average 
values 
(foot- 
pounds 

per 
square 
inch). 

Width 
(inch). 

Thicknes 

from 

bottom 

of  slot. 

Excess 
angle. 

Foot- 
pounds 
absorbed. 

Foot- 
pounds 

per 

square 

inch. 

0.397 
.396 
.397 
.396 
.896 
.396 
.397 
.397 

a  198 
.198 
.198 
.198 
.198 
.198 
.198 
.196 

a  0786 
.0784 
.0786 
.0784 
.0784 
.0784 
.0786 
.0778 

152.6 
162.4 
153.0 
162.8 
162.7 
162.8 
152.5 
162.9 

1.61 
1.70 
1.16 
1.34 
1.43 
1.34 
1.61 
1.25 

20.4 
21.6 
14.7 
17.0 
1&2 
17.0 
20.4 
16.0 

-     18.4 
17.9 

Referring  to  Table  No.  1,  it  is  to  be  noted  that  the  physical 

Sroperties  obtained  on  the  two  standard  tensile  specimens  are  very 
ifferent.  Bar  No.  1,  which  was  taken  from  a  section  adjacent  to 
the  fracture,  gave  a  very  low  elastic  limit,  elongation  and  contrac- 
tion of  area.  Bar  No.  3,  which  was  taken  close  to  the  piston,  had 
a  very  good  elongation  and  contraction.  Two  micrographs,  which 
are  shown  at  the  close  of  the  report,  explain  this  discrepancy  very 
clearly. 

Micrograph  No.  4023,  at  500  diameters,  shows  the  structure  of  a 
specimen  having  poor  ductility.  The  structure  is  pearlitic  with 
excess  cementite,  and  is  such  as  would  be  expected  from  slow  cool- 
ins  of  a  high  carbon  steel  from  above  the  critical  point. 

Micrograph  No.  4024,  at  500  diameters,  shows  the  structure  of 
specimen  No.  3,  which  had  good  ductility.  The  carbon  content  of 
these  two  specimens  was  identical,  as  was  subsequently  determined 
by  analysis.  The  difference  in  hardness  and  ductility  between  these 
two  specimens  depends  upon  the  fact  that  the  cementite  in  specimen 
No.  3,  shown  in  micrograph  No.  4024,  is  spherodized,  whereas  in 
specimen  No.  1,  micrograph  No.  4023,  cementite  is  present  with 
pearlite.  This  great  difference  in  microstructure  between  the  two 
ends  of  the  piston  rod  would  lead  one  to  believe  that  in  some  way  it 
had  been  given  a  differential  treatment,  as  the  structure  at  one  end 
is  characteristic  of  slow  cooling  from  above  the  critical  range,  whereas 
the  structure  at  the  other  end  is  characteristic  of  annealing  just 
below  the  critical  range. 

Table  No.  2:  As  pointed  out  in  the  conclusions  of  this  report,  the 
effect  of  notching  the  tensile  Charpy  bar  is  very  noticeable  in  this 
material.  The  foot-pounds  absorbed  on  the  notched  tensile  speci- 
mens gave  an  average  result  of  approximately  60,  whereas  the  foot- 
pounds absorbed  on  the  unnotched  tensile  Charpy  bar  gave  an  aber- 
age  of  approximately  1,500.  The  notched  tensile  Charpy  bar  gave 
approximately  one  twenty-fifth  of  the  resistance  to  shock  obtained 
on  the  unnotched  Charpy  bar.  Although  the  nature  of  the  notch 
has  considerable  influence  upon  reduction  of  strength  under  shock, 
it  is  apparent  that  threading  the  end  of  the  piston  rod  in  a  portion 
which  is  subjected  to  shock  very  materially  reduces  its  strength. 
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Table  No.  4,  showing  the  results  of  the  transverse  Charpy  tests, 
is  very  interesting.  The  average  foot-pounds  absorbed  per  square 
inch  show  that  the  material  has  a  shock-resi3ting  power  scarcely 
equal  to  that  of  a  high-grade  cast  iron. 

The  results  obtained  in  this  experiment  agree  very  closely  with 
similar  work  carried  out  on  other  material.  The  effect  of  notching 
a  bar  subjected  to  shock  is  very  clearly  shown,  also  the  effect  of 
high  carbon  upon  the  resilience  or  a  piece  is  very  clearly  brought  out. 
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IffVESTIGATIOH  OF  RECEIVEES  FBOM  TJ1TITED  STATES  RIFLE, 

MODEL  OF  1903. 

OBJECT. 

The  object  of  this  investigation  was  to  determine  the  cause  of 
failure  of  receivers  on  United  States  rifle,  model  of  1903.  The 
rifles  were  received  at  this  arsenal  with  the  statement  that  the 
receivers  had  burst  during  high-pressure  test.  The  only  marks  which 
could  be  definitely  ascertained  on  the  rifles  as  received  were  "R.  I.  A., 
1903."    This  mans:  appears  on  the  muzzle  end  of  the  barrel. 

CONCLUSIONS. 

There  are  a  number  of  factors,  all  of  which  may  have  contributed 
to  the  failure  of  the  receivers.  First,  the  receiver  on  this  model  is 
attached  to  the  barrel  by  means  of  a  square  thread.  Experience 
has  shown  that  this  is  very  undesirable  in  all  parts  where  suddenly 
applied  loads  are  encountered.  If  sudden  changes  of  section,  such  as 
square  threads,  can  not  be  avoided,  it  is  very  desirable  that  the 
material  then  be  tested  by  means  of  some  form  of  notched  bar  im- 
pact test.  In  all  cases  where  tests  of  this  nature  can  not  be  taken, 
it  is  essential  that  the  composition  and  treatment  be  such  as  to  have 
a  high  shock  strength. .  Form  No.  528,  July  1,  1916,  prescribes  that 
the  receiver  shall  be  made  of  class  f<C"  steel.  Class  "C"  steeJ  has 
the  following  chemical  specification: 

.  Carbon 0.30  to  0.35  per  cent. 

Manganese Not  more  than  1.3  per  cent. 

Silicon 0.05  to  0.10  per  cent. 

Sulphur * Not  more  than  0.06  per  cent. 

Phosphorus Not  more  than  0.06  per  cent. 

The  chemical  analysis  of  the  stock  from  three  of  the  failed  receivers 
showed  that  the  sulphur  was  higher  in  two  of  them  than  prescribed 
in  the  specifications,  and  also  that  the  phosphorus  was  higher  than  the 
prescribed  limits  in  two  instances.  Form  No.  528  also  prescribes  that 
all  casehardened  parts  be  quenched  in  oil  with  two  exceptions.  No 
tempering  operation  is  prescribed.  This  treatment  is  not  in  accord 
with  the  best  practice  for  casehardened  material  when  a  strong  and 
ductile  core  is  required.  Furthermore,  the  methods  of  controlling 
the  degree  of  casehardening,  as  outlined  in  the  specifications,  are 
not  satisfactory.  The  only  positive  way  to  control  casehardening 
practice  is  by  the  use  of  the  microscope.  Furthermore,  it  is  the 
opinion  of  tnis  laboratory  that  casehardening  is  unnecessary  for 
receivers,  and  it  is  believed  that  better  results  could  be  obtained  by 
the  use  of  a  steel  which  could  be  so  treated  that  it  would  give  a  desired 
degree  of  hardness  on  all  parts  subjected  to  wear,  and  at  the  same 
tame  be  sufficiently  tough  and  ductile  to  withstand  suddenly  applied 
stresses.    It  would  seem  that  a  0.35  to  0.40  per  cent  carbon  plain 
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nickel  steel  containing  3.50  per  cent  nickel  would  serve  very  well 
for  this  purpose. 

To  summarize  the  conditions  found  present  in  the  receivers  of  the 
failed  rifles,  it  can  be  stated  that  they  were  higher  in  both  sulphur 
and  phosphorus  than  is  considered  desirable  for  material  which  must 
withstand  shock.  Furthermore,  the  heat  treatment  had  been  such 
that  they  were  left  in  practically  the  most  unfavorable  condition 

I>ossible  to  withstand  the  class  of  service  outlined  above.    A  decided 
ack  of  uniformity  of  structure  was  also  found  in  the  five  receivers 
examined. 

EXPERIMENTAL. 

The  experimental  work  consisted  in  chemical  analysis  and  micro- 
scopical examination. 

Chemical  Analysis. 

Samples  for  chemical  analysis  were  taken  from  fragments  of  three 
receivers.    These  analyses  are  given  below: 


C. 

Mil 

S. 

P. 

Receiver,  rifle  No.  1 

0.40 
.416 
.454 

1.08 
1.19 
1.03 

0.070 
.066 
.068 

0.060 
.067 
.063 

Receiver,  rifle  No.  2 

Receiver,  rifle  No.  3 

The  slight  case  which  was  noticeable  on  some  surfaces  of  the 
receiver  would  slightly  influence  the  carbon  determinations,  and  for 
that  reason  it  can  not  be  stated  positively  that  the  samples  were 
higher  in  carbon  than  the  maximum  limit  given  for  class  "C"  steel 
in  Form  No.  528.  From  an  inspection  of  the  table,  however,  neglect- 
ing the  carbon  entirely,  it  will  be  seen  that  none  of  the  three  samples 
analyzed  within  the  limits  was  of  the  governing  specifications. 
Sample  No.  1  exceeded  this  limit  in  sulphur.  Sample  No.  2  exceeded 
the  sulphur  limit,  and  sample  No.  3  exceeded  the  phosphorus  limit. 

The  tendency  of  high  sulphur  and  phosphorus  to  produce  cold 
shortness  or  low  shock  strength  is  generally  conceded,  although  the 
exact  limits  at  which  cold  shortness  appears  are  very  indefinite. 
It  is  believed  that  this  indefiniteness  is  due  to  the  fact  that  sufficient 
attention  is  not  given  to  the  distribution  of  sulphur  and  phosphorus. 
Low  phosphorus  in  particular  may  give  cold  shortness,  even  when 
present  in  small  amounts,  if  the  phosphorus  occurs  in  the  ferrite  bands. 
As  pointed  out  in  previous  reports  from  this  laboratory,  it  is  believed 
that  low  shock  strength  is  closely  associated  with  low  ductility  in 

Jtlanes  transverse  to  tne  axis  of  forging.  Although  the  receivers  were 
ar  too  small  to  allow  the  taking  of  test  specimens,  the  decidedly 
banded  structure  which  was  brought  out  by  tne  use  of  Stead's  reagent 
would  indicate  that  this  condition  existed  in  the  receivers  under 
examination. 

There  can  be  no  question  that  ghost  lines  or  bands  are  very  much 
more  common  in  materials  high  m  sulphur  and  phosphorus  than  in 
those  which  are  relatively  free  from  these  two  elements.  It  is  assumed 
that  the  reason  for  the  high  maximum  limits  of  sulphur  and  phos- 
phorus in  this  materal  is  to  secure  a  material  which  can  readily  be 
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machined.  It  is  inferred  that  the  receivers  examined  were  treated 
in  accordance  with  the  specifications  given  in  Form  No.  528.  If  this 
is  the  case,  the  pieces  should  have  been  quenched  in  oil  at  the  case-, 
hardening  temperature  and  not  subsequently  drawn.  This  would 
seem  to  Be  very  bad  practice,  especially  where  complicated  changes 
of  section  are  involved.  Pieces  of  such  shape  as  the  receivers  should 
certainly  be  drawn  at  a  suitable  temperature  after  hardening  to 
relieve  the  internal  stresses  set  up  during  the  quenching  operation. 
This  drawing  operation  would  also  greaUv  increase  the  shock  resisting 
power.  The  question  naturally  arises.  Can  this  operation  be  accom- 
plished without  softening  the  easel  This  objection  is  readily  over- 
come by  the  use  of  the  so-called  double  treatment.  This  treatment  in 
brief  consists  in  allowing  the  pieces  to  cool  slowly  after  the  case- 
hardening  operation.  They  are  then  quenched  at  a  relatively  high 
temperature  to  refine  the  core,  and  this  treatment  is  then  followed 
by  a  quench  from  a  low  temperature  to  refine  the  case.  The  second 
quenching  operation  serves  as  a  drawing  operation  for  the  core, 
while  at  tne  same  time  it  is  the  quenching  operation  for  a  high  carbon 

case. 

Microscopic  Examination. 

The  examination  of  the  specimens  microscopically,  both  before  and 
after  etching,  showed  a  decided  lack  of  uniformity,  not  only  in  the 
different  receivers,  but  in  the  same  piece.  One  receiver  snowed  a 
martensitic  structure  throughout.  Another  showed  a  very  thin 
martensitic  case  with  a  troosto-sorbitic  matrix  containing  a  con- 
siderable amount  of  excess  ferrite. 

Micrograph  No.  1,  at  500  diameters,  shows  the  martensitic  struc- 
ture in  one  of  the  receivers  previously  referred  to.  Such  a  structure 
as  this  is  certainly  far  from  desirable  when  a  material  is  subjected  to 
shock.  The  structure  of  another  receiver  is  shown  in  Micrograph  No. 
2,  at  500  diameters.  This  micrograph  was  taken  from  the  interior 
ol  the  specimen  and  in  such  a  location  that  it  could  be  directly  com- 
pared with  micrograph  No.  1.  It  would  seem  that  the  comparison 
of  these  two  micrographs  would  certainly  bear  out  the  statement 
previously  made  that  there  is  a  decided  lack  of  uniformity  in  these 
two. receivers.  This  case  is  cited  simply  to  illustrate  the  conditions 
present. 

Micrograph  No.  3,  at  500  diameters,  gives  an  idea  of  the  depth  of 
the  case  found  in  one  of  the  receivers.  The  white  band  represents 
the  high  carbon  case.  This  piece  was  heated  to  1,000°  ana  cooled 
slowly  in  the  furnace.  Micrograph  No.  4.  at  50  diameters,  gives  a 
very  clear  idea  of  the  actual  thickness  of  the  case  obtained.  The 
carbon  content  of  the  case  was  approximately  0.80  per  cent,  which 
is  considered  very  desirable.  As  a  thin  case  only  is  desired,  no 
criticism  can  be  found  with  the  actual  casehardening  operation,  as 
determined  from  the  examination  of  this  one  receiver.  It  is  the 
treatment  subsequent  to  casehardening  which  produces  the  results 
bringing  about  the  failure  of  the  parts  m  question. 
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EXAMINATION    OF    THEEE    SPBIVGFIELD    RIFLES    WHICH 
FAILED   DXTBIHO  VAVT  TAEGET   PRACTICE. 

OBJECT. 

The  object  of  this  investigation  was  to  determine  if  the  failure  of 
these  rifles  was  in  any  way  connected  with  defective  material  or 
workmanship  used  in  their  manufacture. 


MATERIAL. 

* 

Three  rifles  were  received  from  Springfield  Armory.  The  receiver 
on  one  of  these  rifles  was  not  broken.  The  markings  and  numbers 
are  as  follows : 

"U.  S.  Springfield  Armory,  Model  of  1903,  No.  547854."  The 
muzzle  marking  on  this  gun  was  "S.  A.  5-13." 

Another  of  the  rifles  nad  the  receiver  broken  so  badly  that  no 
identification  marks  could  be  found.  The  muzzle  marking  on  this 
gun  was  "S.  A.  2-14." 

The  receiver  of  the  third  rifle  was  also  so  badly  damaged  that  the 
number  could  not  be  ascertained.  The  muzzle  marking  on  this  gun 
was  "S.  A.  11-17."  A  tag  was  attached  to  this  rifle,  however,  bear- 
ing the  letter  "D." 

No  cartridge  fragments  were  found  in  any  of  these  rifles,  as  was  the 
case  in  some  of  the  rifles  which  failed  during  high-pressure  tests,  re- 
ported on  page  17  et  seq. 

CONCLUSIONS. 

Portions  of  the  receivers  of  two  of  the  rifles  were  examined.  The 
material  was  exceedingly  brittle  and  the  composition  was  far  from 
what  would  be  considered  desirable.  Microscopic  examination 
showed  that  the  steel  of  the  receivers  was  very  streaky,  and  the 
structure  was  such  as  would  indicate  that  the  material  had  not  been 
properly  heat  treated  subsequent  to  the  casehardening  operation. 


EXPERIMENTAL. 


The  investigation  of  these  rifles  consisted  primarily  in  chemical 
analysis  and  microscopical  examination.  . 


Chemical  Analysis. 


Phosphorus  and  sulphur  were  determined  on  two  of  the  receivers 
with  the  following  results: 


Sample  No.  1. 
Sample  No.  2 . 


S. 


Percent* 
0.08 
.083 


P. 


Per  cent. 
0.076 
.102 
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The  receivers  were  so  hard  that  it  was  necessary  to  anneal  them 
before  taking  out  the  samples  for  chemical  analysis.  Reference  to 
the  specifications  governing  the  manufacture  of  these  receivers  shows 
that  both  the  sulphur  and  phosphorus  exceeded  the  allowed  limits. 

Microscopical  Examination. 

A  number  of  specimens  were  examined  unetched,  and  relatively 
few  nonmetallic  inclusions  were  present.  The  nitric  acid  etching 
shows  the  structure  to  be  troosto-martensitic  between  ferrite  bands. 
This  is  illustrated  in  micrograph  No.  4160.  There  can  be  no  question 
that  it  the  heat  treatment  nad  been  properly  carried  out,  a  portion 
of  the  ferrite  banding  could  have  at  least  been  removed. 

Micrograph  No.  4161  is  taken  along  one  ot  the  ferrite  streaks.  A 
higher  magnification  of  this  micrograph  confirms  the  statement  pre- 
viously made  that  the  structure  is  troosto-martensitic,  and  further- 
more, a  ferrite  band  is  also  plainly  illustrated. 

-Micrograph  No.  4162,  at  50  diameters,  gives  a  very  clear  indication 
of  the  depth  of  the  case  which  was  obtained  in  tne  casehardening 
operation.    Deeper  etching  shows  this  case  to  be  martensitic. 

Micrograph  No.  4163,  at  50  diameters,  shows  the  structure  of  the 
receiver  after  etching  With  Stead's  reagent.  As  pointed  out  in  other 
experimental  reports,  this  reagent  is  useful  for  showing  banding  and 
segregation  of  constituents  other  than  carbon.  Although  the  fol- 
lowing statement  can  not  be  definitely  proved  at  the  present  time,  it 
is  believed  that  the  banding  of  this  material  is  due  to  phosphorus 
segregation,  and  that  the  dark  bands  appearing  in  this  micrograph 
are  the  areas  which  are  high  in  phosphorus.  The  same  general  con- 
clusions which  were  made  on  page  17,  can  also  be  applied  to  the  rifles 
under  examination.  As  pointed  out  on  page  18,  it  is  believed  that 
the  heat  treatment  and  composition  are  both  at  fault.  It  is  believed 
that  far  better  results  could  be  obtained  in  the  manufacture  of  this 
receiver  if  it  was  made  from  nickel  steel,  heat  treated  properly,  but 
not  casehardened. 
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EXAMINATION  OF  BECEIVEBS  FEOM  OTITED  STATES 
BIFLES,  MODEL  OF  1903,  WHICH  BUBST  DUBIffG  NAVY 
TAEGET   PEAOTIOE. 

OBJECT. 

The  object  of  this  experiment  was  to  determine  microscopically 
and  chemically  the  nature*  of  the  material  used  in  the  manufacture 
of  the  receivers.  A  report  will  be  given  at  a  later  date  on  the  com- 
position and  microstructure  of  the  other  component  parts  of  these 
and  other  rifles  similarly  damaged. 

CONCLUSIONS. 

One  of  the  receivers  was  neither  casehardened  nor  heat  treated. 
It  was  in  the  pearlitic  condition;  as  is  shown  by  the  micrographs. 
The  structure  was  very  coarse.  The  other  receiver  was  very  similar 
to  some  previously  examined.  The  structure  shows  some  banding 
of  the  ferrite,  and  the  carbon  was  in  the  troosto-sorbitic  condition. 
Etching  with  Stead's  reagent  did  not  reveal  the  existence  of  severe 
phosphorous  banding  in  either  receiver.  The  chemical  analysis  shows 
that  only  one  of  the  receivers  exceeded  the  phosphorous  limit  fixed 
by  the  specifications,  and  that  the  sulphur  was  within  the  limits  set 
by  the  specifications  on  both,  although  as  previously  stated,  these 
limits  are  too  high  for  material  of  this  kind. 

The  failure  of  these  two  receivers  was  brought  about  by  the  same 
primary  cause,  namely,  brittleness.  This  brittleness  was  due  in 
one  receiver  to  a  coarse-grained  pearlitic  structure,  and  in  the  other 
receiver  to  improperly  heat-treated  material. 

MATERIAL. 

Instructions  accompanying  these  rifles  stated  that  two  burst 
Springfield  rifles,  model  of  1903,  which  were  damaged  in  Navy 
target  practice,  were  being  forwarded  to  this  arsenal.  The  two 
rifles  were  in  such  a  condition  that  the  markings  on  the  receiver 
could  not  be  determined.  They  were  both  marked  on  the  muzzle 
end  as  follows:  "S.  A.  12-13." 

EXPERIMENTAL. 

The  investigation  consisted  of  chemical  and  microscopical  tests. 
Several  Shore  scleroscope  readings  were  obtained  on  fragments  of 
the  receiver,  and  while  these  are  necessarily  npt  very  accurate,  due 
to  the  small  fragments  available,  the  results  give  an  indication  of 
the  conditions  present.  The  receiver,  which  was  in  the  annealed, 
or  pearlitic,  condition,  gave  a  Shore  reading  of  approximately  20, 
whereas  the  casehardened  heat-treated  receiver  gave  a  Shore  sclero- 
scope reading  of  approximately  45. 
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Chemical  Analysis. 

Chemical  analysis  was  made  on  both  receivers  with  the  following 
results: 


# 

C. 

Mil. 

Si. 

s. 

P. 

Rifle  No.  1 

Rifle  No.  2 

Percent. 
0.37 
.41 

Percent. 
1.22 
1.23 

Percent. 
0.05 
.113 

Percent. 
0.050 
.050 

Percent. 
a  050 
.066 

Microscopical  Examination. 

Longitudinal  sections  were  prepared  from  each  receiver  and  ex- 
amined unetched,  etched  with  nitric  acid,  and  also  with  Stead's  re- 
agent. The  amount  of  slag  observed  was  not  in  such  quantity  as  to 
condemn  the  material. 

Nitric  acid  etching  revealed  several  important  facts.  Micrograph 
No.  1,  at  50  diameters,  taken  near  the  edge  of  the  receiver  from 
rifle  No.  2,  shows  a  structure  closely  approximating  that  found  in 
several  of  the  rifles  previously  examined  and  reported  upon.  The 
ferrite  is  somewhat  banded  and  a  thin  case  is  observed.  This  case, 
upon  deeper  etching  and  upon  higher  magnification,  is  martensitic. 
Tne  general  structure  of  the  metal  at  500  diameters  magnification  is 
shown  in  micrograph  No.  2.  It  is  probably  troosto-sorbitic,  and 
contains  considerable  excess  ferrite.  Traces  of  martensitic  struc- 
ture were  observable. 

Micrograph  No.  3,  at  50  diameters,  shows  the  structure  of  the 
receiver  from  rifle  No.  1,  taken  near  the  edge.  The  structure  is  that 
of  an  annealed  steel,  and  the  grains  are  entirely  too  coarse  for  even 
a  properly  annealed  steel.  There  was  absolutely  no  case  on  this 
receiver,  as  this  micrograph  clearly  shows. 

Micrograph  No.  4,  at  500  diameters,  shows  definitely  the  annealed 
condition  of  this  receiver,  the  constituents  being  pearlite  and  free 
ferrite. 

A  more  extended  study  is  still  being  made  of  the  component  parts 
of  these  two  rifles,  and  a  report  will  be  made  as  soon  as  possible. 
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DTVESTIGATIOV  OF  CAUSE  OF  FAILURE  OF  TOUTED  STATES 
BIFLE,  MODEL  OF  1903,  VO.  108448,  WHICH  FAILED  Iff 
TARGET  PRACTICE  AT   CAMP   SHELBY,   HISS. 

OBJECT. 

The  object  of  this  investigation  was  to  determine  the  cause  of 
failure  of  this  rifle. 

conclusions. 

It  is  the  conclusion  of  this  laboratory  that  the  failure  of  this  rifle 
was  due,  at  least  partially  if  not  entirely,  to  defective  material 
composing  the  barrel.  Chemical  analysis  snows  the  phosphorus  to 
be  0.083,  which  is  entirely  too  high  and  should  not  be  allowed. 
The  metal  is  very  severely  banded  or  streaked  longitudinally,  as 
shown  by  etching  polished  sections  with  Stead's  reagent.  Nonmetallic 
inclusions  were  present  in  considerable  quantity  and  were  greatly 
elongated  in  the  longitudinal  direction  of  the  barrel. 

The  weakening  effect  of  these  streaks,  rich  in  phosphorus  and 
containing  a  large  amount  of  nonmetallic  inclusions  is  particularly 
apparent  under  shock.  The  brittleness  tinder  sudden  impact  catteed 
by  high  phosphorus  and  nonmetallic  inclusions,  especially  when 
in  the  banded  condition,  is  without  doubt  the  predominating  factor 
contributing  directly  to  the  failure  of  this  rifle.  The  metal  of  the 
receiver  was  very  hard  and  brittle,  as  can  be  at  once  understood 
by  observing  micrograph  No.  4213  at  500  diameters,  which  shows 
the  structure  to  be  martensitic. 

MATERIAL. 

The  material  investigated  consisted  of  the  fragments  of  United 
States  rifle  No.  108448  which  failed  in  target  practice  at  Camp  Shelby, 
Miss.  This  rifle  was  made  at  the  Rock  Island  Arsenal  as  identified 
by  the  muzzle  markings  of  the  barrel,  which  were  R.  I:  A.  12-08. 
Tjie  barrel  was  burst,  as  shown  in  photograph  No.  4207,  following 
page. 

EXPERIMENTAL. 

The  experimental  work  consisted  of  chemical  analysis  and  micro- 
scopical examination  of  the  material  under  investigation.  Photo- 
graph No.  4207  shows  the  nature  of  the  barrel  as  received  and  the 
location  of  the  chemical  and  microscopical  samples.  Sections 
located  at  A,  B,  C,  and  D  in  this  photograph  were  removed  for  micro- 
scopic examination,  while  the  sample  for  chemical  analysis  was 
drilled  from  the  location  designated  by  the  letter  £. 
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Chemical  Analysis. 
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The  following  chemical  composition  was  obtained  as  a  result  of 
analysis  in  this  laboratory : 


c. 

Mn. 

SI. 

8. 

P. 

Ni. 

Cr. 

Per  cad. 
0.57 

Per  cent. 
1.30 

Percent. 
0.150 

Percent. 
0.060  ' 

Per  cent. 
0.063 

Percent. 
0.45 

Percent. 
0.98 

Analysis  of  the  receiver  was  not  made  since  the  microstructure 
showed  it  to  be  similar  to  others  previously  reported  on  by  this 
laboratory.  , 

Microscopical  Examination. 

Specimens  were  prepared  so  as  to  examine  the  metal  in  both  a 
longitudinal  and  transverse  direction.  Careful  examination  was 
made  of  the  metal  near  and  at  the  fractured  surface.  Micrographs 
were  taken  of  the  longitudinal  specimens  only  as  the  transverse 
surfaces  presented  nothing  that  could  be  better  exhibited  by  the 
longitudinal  surface. 

Micrograph  No.  4208,  page  following,  at  500  diameters,  shows  a  large 
nonmetallic  inclusion.  This  micrograph  was  taken  of  the  specimen 
unetched.  Many  similar  inclusions  were  found  distributed  through- 
out the  metal  examined.  Micrograph  No.  4209,  page  following,  at  50 
diameters,  shows  a  section  after  etching  with  4  per  cent  nitric  acid, 
in  alcohol.  A  number  of  ferrite  streaks  were  apparent  with  this 
etching.  This  suggests  at  once  the  presence  of  a  high  percentage 
of  phosphorus  in  the  streaks  low  in  carbon  since  phosphorus  has  the 
tendency  to  reject  the  carbon  on  cooling.  Micrograph  No.  4210, 
page  following,  at  500  diameters,  shows  the  general  structure  pre- 
sented in  micrograph  No.  4209,  page  followmg,  only  at  a  higher 
magnification. 

The  specimens  were  repolished,  and  etched  with  Stead's  reagent 
in  search  of  phosphorus  banding  previously  suspected.  Micrograph 
No.  4211,  at  50  diameters,  shows  the  extraordinary  baftded  con- 
dition present.  Very  few  worse  cases  of  phosphorous  segregation 
have  been  observed  in  this  laboratory.  Micrograph  No.  4212, 
at  500  diameters,  shows  the  same  specimen  -etched  with  Stead's 
reagent.  At  this  magnification  many  nonmetallic  inclusions  are 
seen  to  exist  in  the  regions  high  in  phosphorus,  i.  e.,  the  light 
streaks.  Micrograph  No.  4213,  at  500  diameters,  shows  the  structure 
of  the  receiver.  It  will  be  seen  to  consist  chiefly  of  the  original 
martensite  produced  bv  quenching.  A  structure  of  this  nature 
has  previously  been  observed  to  accompany  marked  brittleness 
under  shock  or  sudden  impact. 
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INVESTIGATION  OF  PABTS  OF  UNITED  STATES  BIFLE,  MODEL 

OF  1903,  CAIIBEE  .30. 

OBJECT. 

The  object  of  this  investigation  was  to  determine  the  nature  of  the 
metal,  with  regard  to  its  microstructure,  which  forms  the  component 
parts  of  the  United  States  rifle,  model  1903. 

The  parts  studied  in  this  investigation  were  the  barrel,  bolt, 
striker,  firing-pin  rod,  and  firing-pin  sleeve,  the  receivers  having 
been  previously  studied. 

CONCLUSIONS. 

There  is  a  great  inconsistency  in  the  treatment  of  both  the  bolt 
and  firing-pin  rod.  The  firing-pin  rod  has  all  the  appearance  in  some 
instances  of  having  had  the  forward  end  quenched.  In  other  cases 
it  was  not  so  treated.  The  barrel,  striker  and  firing-pin  sleeve, 
showed  a  uniform  structure  in  all  cases  examined. 

The  bolt  has  all  the  appearance  of  being  of  the. same  material  and 
of  having  undergone  the  same  defective  and  inconsistent  heat  treat- 
ment as  the  receivers  previously  examined  and  reported  on. 

MATERIAL. 

The  parts  of  the  three  lots  of  burst  rifles  previously  submitted  to 
this  laboratory  were  used  in  this  work. 

EXPERIMENTAL. 

The  experimental  work  consisted  entirely  in  microscopic  examina- 
tion of  the  parts  in  question. 

Micrograph  No.  4173  shows  a  longitudinal  section  of  the  barrel  from 
the  first  lot  of  rifles  examined,  made  at  Rock  Island  Arsenal  at  a 
magnification  of  50  diameters.  It  was  etched  10  seconds  in  4  per 
cent  nitric  acid  in  alcohol.  The  metal  is  slightly  streaked  longi- 
tudinally and  has  the  apperance  of  being  cold  worked,  i.  e.,  forged 
below  the  critical  range.  Micrograph  No.  4174,  at  500  diameters, 
supports  this  view  that  the  metal  is  slightly  cold  worked.  All  of  the 
barrels  examined  made  either  at  Springfield  or  Rock  Island  had  a 
structure  in  all  respects  quite  like  the  one  here  shown.  A  good  degree 
of  uniformity  was  found  to  exist. 

Micrograph  No.  4175,  at  500  diameters,  shows  a  longitudinal  sec- 
tion of  the  bolt  from  the  same  rifle.  It  will  be  seen  to  be  high  in 
carbon  and  pearlitic.  Micrograph  No.  4176  shows  another  bolt  mag- 
nified 50  diameters.  This  one  has  had  no  special  treatment  but  is  in 
the  forged  condition  and  is  not  casehardened.  The  same  one  at  a 
magnification  of  500  diameters  is  illustrated  in  micrograph  No.  3177, 
which  also  shows  occluded  slag.  In  micrographs  No.  4178  and  No. 
4179,  at  500  diameters,  are  shown  two  micrographs  taken  from  two 

26 


INVESTIGATIVE  TESTS.  27 

more  bolts.  Both  are  very  peculiar  structures,  a  considerable 
troostite  being  present  in  both .  It  is  clearly  shown  by  the  micrographs 
here  presented  that  there  is  the  greatest  possible  lack  of  uniformity 
of  structure  among  the  bolts  examined.  No  consistency  exists  as  to 
the  treatment  ana  the  composition  varies  greatly  as  can  be  ascer- 
tained by  comparing  micrograph  No.  4175  with  No.  4177  or  No. 
4179. 

Caroful  examination  was  made  to  determine  if  there  was  any  dif- 
ference in  the  structure  at  the  end  of  the  bolt  which  rests  against  the 
cartridge  and  the  structure  further  back  toward  the  breech  end  of 
the  bolt.  No  difference  was  found,  which  shows  in  all  cases  examined 
that  the  entire  bolt  received  a  uniform  treatment  regardless  of  the 
nature  of  the  treatment,  or  of  the  varied  treatment  from  one  bolt  to 
another.  / 

The  firing-pin  sleeve  was  found  in  all  cases  examined  to  be  of  low 
carbon  stoel  as  shown  in  micrograph  No.  4180  at  500  diameters.  It 
has  been  quenched  above  the  range  and  the  constituent  containing 
carbon  is  seen  to  be  troostite.  The  material  was  very  uniform 
throughout  the  specimens  examined.  The  structure  of  the  striker  is 
shown  in  micrograph  No.  4181  at  500  diameters.  The  structure  is 
plainly  that  of  a  heat-treated  piece,  being  troosto-sorbitic.  All  of  the 
strikers  examined  possessed  a  structure  strikingly  similar  to  this  one. 
A  longitudinal  section  through  the  center  of  eacn  pin  was  examined. 

Examination  of  the  firing-pin  rod  again  reveals  a  lack  of  uniformity 
in  heat  treatment.  Microsections  from  one  end  showed  a  different 
structure  than  the  other  end  of  the  same  specimen.  To  locate  the 
point  where  the  change  in  structure  occurred,  several  firing-pin  rods 
were  made  bright  with  emery  paper  and  etched  with  4  per  cent  nitric 
acid.  In  several  cases  examined  the  rod  blackened  materially  over 
a  length  of  about  1J  inches  from  the  forward  end.  In  one  case, 
however,  there  was  no  difference  in  structure  in  one  end  from  that 
in  the  other  showing  this  pin  to  have  escaped  the  treatment  applied 
to  the  others  on  the  end. 

Those  showing  different  structure  on  the  two  ends  were  cut  up  for 
microscopic  examination  so  that  both  structures  prevailing  would  be 
revealed,  together  with  the  line  of  derparkation  between  them. 

Micrograph  No.  4182,  at  50  diameters,  shows  the  line  of  demarka- 
tion  and  the  two  structures  encountered/  Tne  change  in  structure  is 
seen  to  be  very  abrupt. 

Micrograph  No.  4183  shows  the  edge  of  this  rod  to  be  decarburized 
to  a  considerable  extent.  No  others  examined  showed  this.  Micro- 
graph No.  4184,  at  500  diameters,  shows  the  structure  of  the  forward 
end  of  one  of  the  firing-pin  rods.  This  micrograph  at  once  suggests 
an  eutectoid  composition  with  the  cementite  spheroidized.  This  was 
proved  to  be  the  case  by  ropolishing  the  specimen  and  etching  with 
sodium  picrate.  This  blackened  all  the  small  white  particles  shown 
in  this  micrograph  while  the  remaining  back  ground  was  not  mate- 
rially altered  except  the  cementite  within  the  pearlite  was  darkened 
where  it  existed  in  this  form.  Micrograph  No.  4185  shows  the  other 
end  of  the  specimen  from  which  micrograph  No.  4184  was  taken. 
An  entirely  different  structure  prevails.  Here  there  is  much  more 
pearlite  distinguishable.  Micrograph  No.  4186,  at  500  diameters, 
shows  the  structure  of  another  firing-pin  rod  near  the  forward  end 
and  is  troosto-sorbitic  while  micrograph  No.  4187  at  500  diameters 
of  the  same  piece  taken  further  back  snows  a  pearlitic  structure. 
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EXAMINATION  OF  SIX  TOTTED  STATES  RIFLES,  CALIBEE  .80, 

WHICH  FAILED   IH   SEEVICE. 

OBJECT. 

The  object  of  this  investigation  was  to  determine  the  nature  of 
the  metal  from  the  barrel  and  receiver  of  six  United  States  rifles, 
caliber  .30,  and  ascertain  if  possible  the  cause  of  failure  of  some  of 
these  parts. 

CONCLUSIONS. 

It  is  the  conclusion  of  this  laboratory  that  the  failure  of  rifle 
No.  1,  (see  Table  1)  was  at  least  partially  due  to  defective  metal 
in  the  barrel.  The  phosphorus  percentage  was  high,  as  shown 
by  chemical  analysis,  and  it  was  oadly  segregated  and  banded  in 
the  longitudinal  direction,  which  is  clearly  shown  by  the  photo- 
micrographs given  later  in  this  report.  The  receiver  of  this  rifle 
was  not  injured,  and  examination  snows  it  to  be  composed  of  much 
more  desirable  material  than  receivers  previously  examined  in  this 
laboratory.  Its  chemical  composition  is  to  be  especially  noted,  as  it 
differs  widely  from  any  receivers  of  the  United  States  rifle,  model  of 
1903,  previously  analyzed  in  this  laboratory. 

Of  tne  four  rifles  which  failed  in  Navy  service  (Nos.  2,  3,  4  and  5), 
three  showed  a  very  desirable  structure  in  the  barrel.  These  three 
barrels  were  in  no  way  injured  when  received  in  this  laboratory. 
The  fourth  barrel  which  failed  has  a  structure  decidedly  bad,  and 
similar  to  rifle  No.  1,  or  the  model  of  1917  Eddys  tone,  which  failed 
at  the  muzzle. 

The  cause  of  failure  of  the  receivers  of  the  four  rifles  mentioned 
above  is  precisely  the  same  as  for  those  previously  examined;  that 
is,  they  were  very  hard  and  brittle.  The  brittleness  is  due  in  part 
to  defective  heat  treatment  and  in  part  to  high  phosphorus  content. 

The  barrel  of  rifle  No.  6,  although  it  was  not  fractured,  showed* 
a  very  undesirable  microstructure  as  the  phosphorus  was  in  the 
banded  condition.  The  cause  of  failure  of  the  receiver  of  rifle  No.  6 
is  the  same  as  given  for  rifles  Nos.  2,  3,  4,  and  5.  This  receiver  was 
the  only  one  of  these  six  to  show  any  distinct  effects  of  casehardening 

MATERIAL. 

The  material  investigated  consisted  of  six  United  States  rifles, 
caliber  .30.  One  of  these  rifles  was  an  Eddystone  model  of  1917. 
The  other  five  were  of  the  model  of  1903,  four  of  which  were  made 
at  the  Springfield  Armory  and  the  other  at  Rock  Island  Arsenal. 

The  Eddystone  failed  at  Camp  Travis,  Tex.  The  four  models  of 
1903  made  at  Springfield  Armory  failed  in  Nayv  service  and  the 
model  of  1903  made  at  Rock  Island  Arsenal  failed  at  Fort  D.  A. 
Russell,  Wyo. 
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EXPERIMENTAL. 

The  experimental  work  involved  chemical  analysis  and  micro- 
scopic examination  of  the  defective  parts.  Photographs  were  also 
taken  which  show  the  nature  and  extent  of  the  several  failures. 

These  six  rifles  were  numbered  in  this  laboratory  from  1  to  6, 
inclusive;  in  order  to  have  a  convenient  means  of  identifying  the 
various  parts  of  each  and  of  referring  to  same  in  this  report.  The 
rifle  corresponding  to  each  of  these  numbers  is  shown  in  Table  1. 

Table  1.— Markings  of  six  United  States  rifles,  caliber  .SO,  submitted  to  this  laboratory 

for  examination. 


Rifle  No. 

as 
marked 
in  this 
labora- 
tory. 

Model. 

From— 

Rifle  No. 

Muscle  markings. 

1 
2 
3 
4 
5 
6 

1917 
1903 
1903 
1903 
1903 
1903 

Camp  Travis,  Tex 

Navy 

43446 

128 

»1 

14 

480460 

89728 

■ 

E.  10-17. 

8.  A.  1-14. 

S.  A.  1-14. 

8.  A.  12-13. 

S.  A.;  no  barrel  sent;  broken  off. 

R.I.  A.  4-07. 

Navy 

Navy 

Navy 

Fort  D.  A.  Russell, Wyo. 

i  Rifle  numbers  given  for  guns  marked  2, 3, 4  were  the  only  figures  obtainable,  as  the  receiver  was  blown 
apart  at  the  number. 

Photograph  No.  4291  shows  the  muzzle  of  rifle  No.  1,  the  Eddy- 
stone  model  of  1917.  It  will  be  seen  from  this  photograph  that  the 
barrel  is  fractured  longitudinally  for  several  inches  from  the  muzzle. 
This  is  the  only  portion  of  this  rifle  which  failed.  An  examination 
of  the  receiver  was  also  made. 

Microscopic  Examination  of  Rifle  No.  1. 

Specimens  were  taken  from  the  barrel  near  the  fracture  and  pre- 
pared for  microscopic  examination.  All  specimens  were  prepared 
so  as  to  present  a  longitudinal  section  for  examination.  Micrograph 
No.  4258,  at  50  diameters,  shows  the  structure  of  the  barrel  near  the 
fracture  after  etching  with  nitric  acid.  A  considerable  number  of 
streaks  are  evident.  These  are  somewhat  less  distinct  in  micrograph 
No.  4259  at  500  diameters.  At  this  magnification  the  structure  is 
seen  to  be  what  might  be  described  as  troosto-sorbitic.  A  small 
elongated  slag  inclusion  is  also  shown  in  micrograph  No.  4259.  As 
the  ferrite  streaks,  so  plainly  seen  in  micrograph  No.  4258,  are  indica- 
tive of  phosphorous  banding  or  segregation  of  that  element  it  was 
decided  to  examine  the  specimens  after  repolishing  and  etching  with 
Stead's  reagent.  This  was  done,  and  micrograph  No.  4260,  at  50 
diameters,  shows  the  structure  developed.  A  worse  case  of  phos- 
phorus banding  is  seldom,  if  ever,  encountered.*  Greatly  elongated 
slag  particles  are  visible  in  the  bands  high  in  phosphorus.  This  is 
very  plainly  shown  in  micrograph  No.  4261,  at  500  aiameters,  of  the 
same  specimen. 

The  condition  of  the  barrel  here  shown  is  one  which  would  readily 
accountlor  thejfailurej>fAthis  rifle.    An  inspection  of  Table  2  below, 
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giving  the  chemical  analysis  of  both  barrel  and  receiver  of  this  rifle, 
shows  the  barrel  to  contain  0.085  per  cent  phosphorus,  which  partially 
accounts  for  the  banding  revealed  by  microscopic  examination. 

The  microstructure  of  the  receiver  from  this  rifle  is  shown  in  micro- 
graph No.  4262,  at  50  diameters,  etched  in  nitric  acid.  The  structure 
is  seen  to  be  very  finely  troosto-sorbitic,  as  further  shown  in  micro- 
graph No.  4263  at  500  diameters.  The  chemical  analysis  of  this 
receiver  is  given  below  and  it  will  be  seen  to  be  radically  different 
from  any  previously  examined,  as  the  sulphur  and  phosphorus  are 
very  low,  the  carbon  is  0.486  per  cent,  while  a  nickel  and  chromium 
content  of  3.12  per  cent  and  0.27  per  cent,  respectively,  is  shown. 
The  manganese  is  also  lower  than  usually  found. 

Table  2. — Chemical  analysis  of  rifle  No.  1 — Analysis  of  barrel  and  receiver  from  Eddy- 
stone  riflef  caliber  .SO,  model  of  1917. 


c. 

Mn. 

Si. 

8. 

P. 

Ni. 

Cr. 

Barrel 

Percent. 
0.56 
.486 

Percent. 
1.43 
.55 

Per  cent . 
0.244 
.159 

Percent. 
0.038 
.028 

Percent. 
0.085 
.020 

Percent. 
a  157 
3.12 

Percent. 
a  12 
.37 

Receiver 

Photographs  Nos.  4292,  4293,  4294,  and  4295  show  the  broken 

Sarts  of  rifles  Nos.  2,  3,  4,  and  5,  respectively,  which  failed  in  the 
favy.  The  receivers  only  of  rifles  Nos.  2,  3,  and  4  were  broken, 
while  in  rifle  No.  5  both  barrel  and  receiver  were  broken.  All  four 
were  model  of  1903  and  made  at  Springfield  Armory.  The  barrel  of 
rifle  No.  5  was  torn  apart  near  the  fixing  chamber  as  shown  in  the 
photograph. 

Microscopic  Examination  of  Rifles  Nos.  2,  3,  4,  and  5. 

Micrograph  No.  4264,  at  50  diameters,  shows  the  structure  of  the 
barrel  from  rifle  No.  2  after  etching  with  nitric  acid.  This  represents 
a  very  desirable  structure  and  has  been  found  prevalent  in  many 
barrels  which  have  given  excellent  service.  Micrograph  No.  4265 
shows  the  same  specimen  at  500  diameters.  The  receiver  of  this 
rifle  presents  a  defective  structure  previously  observed  in  broken 
receivers.  Micrograph  No.  4266,  at  50  diameters,  shows  a  longitudi- 
nal section  of  this  receiver  after  etching  with  nitric  acid.  The  struc- 
ture at  this  magnification  is  not  well  defined  but  the  ferrite  is  banded. 
Micrograph  No.  4267,  at  500  diameters,  shows  the  same  specimen  and 
free  ferrite  is  present  together  with  the  constituent  containing  carbon, 
which  is  in  this  case  troosto-maVtensite.  This  structure  is  charac- 
teristic of  very  brittle  material  as  previously  experienced  in  similar 
investigations.  The  phosphorus,  wnile  only  0.055  per  cent,  is  segre- 
gated and  is  present  in  the  ferrite  bands  as  shown  in  micrograph 
No.  4268,  at  50  diameters,  after  etching  with  Stead's  reagent.  In 
other  words,  the  phosphorus  being  in  the  banded  condition  has  caused 
a  rejection  of  the  ferrite  in  these  regions;  thus  the  ferrite  banding  is 
roduced.  Micrograph  No.  4269,  at  500  diameters,  is  the  same  as 
"o.  4268,  only  at  the  higher  magnification.  The  high  phosphorus 
areas  in  both  these  micrographs,  i.  e.,  the  light  areas,  are  the  regions 
lowest  in  carbon.    The  failure  of  this  receiver  is  plainly  due  to  the 
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brittleness  of  the  material  of  which  it  is  made,  this  being  in  part  due 
to  phosphorus,  but  mostly  to  defective  heat  treatment,  wnich  left 
the  metal  in  the  troosto-martensitic  state  and  very  brittle. 

Micrograph  No.  4270.  at  50  diameters,  shows  the  structure  of  the 
barrel  of  rifle  No.  3  etcned  with  nitric  acid.  Here,  as  in  rifle  No.  2, 
a  very  desirable  structure  is  found.  The  same  specimen  is  shown  in 
micrograph  No.  4271  at  500  diameters.  Micrograph  No.  4272,  at  50 
diameters,  shows  the  structure  of  the  receiver  of  rifle  No.  3  etched 
with  nitric  acid.  The  structure  is  rather  ill  defined  at  this  magnifi- 
cation, but  no  streaks  are  present.  Etching  with  Stead's  reagent 
also  revealed  no  streaks  or  phosphorus  bands.  Micrograph  No. 
4273,  at  500  diameters,  shows  the  same  section  as  No.  4272  etched 
in  nitric  acid.  At  this  magnification  the  structure  seems  more  or 
less  troosto-sorbitic  with  excess  ferrite.  While  this  structure  might 
not  necessarily  indicate  properties  which  will  result  in  failure  when 
subjected  to  shock,  it  is  far  from  desirable  for  material  which  receives 
dynamic  stresses  in  service. 

Micrograph  No.  4274,  at  50  diameters,  shows  the  structure  of  the 
barrel  ofrine  No.  4  etched  with  nitric  acid.  This  is  at  once  recognized 
as  a  very  desirable  structure.  The  same  specimen  magnified  500 
diameters  is  shown  in  micrograph  No.  4275.  The  microstructure  of 
the  receiver  from  this  rifle  is  shown  in  micrographs  No.  4276  and  No. 
4277  after  etching  with  nitric  acid.  The  metal  is  very  coarsely  crys- 
talline, as  shown  in  micrograph  No.  4276.  This  receiver  was  not 
Even  any  heat  treatment  after  forging  and  was,  as  evidenced  by  the 
rge  grain  size,  finished  at  a  much  too  high  temperature.  Micro- 
graph No.  4277,  at  500  diameters,  shows  the  same  specimen.  The 
ferrite  is  seen  to  contain  considerable  occluded  slag.  The  constitu- 
ent containing  carbon  is  mostly  sorbite. 

Micrograph  No.  4278,  at  50  diameters,  shows  the  structure  of  the 
barrel  oi  rifle  No.  5  etcned- in  nitric  acid.  Both  barrel  and  receiver 
were  destroyed  on  this  rifle,  as  may  be  seen  from  photograph  No. 
4295.  Micrograph  No.  4278  shows  the  metal  to  be  somewhat  banded. 
Micrograph  No.  4279  shows  this  specimen  at  500  diameters.  A  few 
slag  inclusions  are  seen  and  some  of  the  cementite  is  in  the  spheroid- 
izea  condition.  This  is  a  result  of  prolonged  heating  just  under  the 
critical  range.  From  the  streaks  revealed  by  nitric  acid  etching, 
micrograph  No.  4278,  and  from  the  phosphorus  content  (0.083  per 
cent)  given  in  Table  3,  page  32,  it  was  thought  that  the  ferrite  bands 
were  due  to  these  regions  being  high  in  phosphorus.  Consequently, 
the  specimen  was  repolished  and  etched  with  Stead's  reagent.  Micro- 
graphs No.  4280  and  No.  4281,  at  50  diameters  and  500  diameters, 
respectively,  show  the  structure  thus  depicted.  The  same  remarks 
apply  here  as  were  used  in  discussing  the  failure  of  the  barrel  of  rifle 
No.  1,  Eddys  tone  model  of  1917,  and  a  comparison  of  the  percentages 
of  phosphorus  in  the  two  instances  at  once  accounts  for  the  similarity 
of  the  structures  resulting  from  etching  with  Stead's  reagent.  The 
structure  of  the  receiver  of  this  rifle  is  shown  in  micrograph  No. 
4282  at  50  diameters,  after  etching  with  nitric  acid.  The  structure 
is  similar  to  that  of  the  receiver  of  rifle  No.  4  except  the  grain  is  not 
so  large.  The  finishing  temperature  of  the  forging  operation  was 
somewhat  lower  in  this  instance,  but  again  the  material  received  no 
heat  treatment  after  the  completion  of  forging,  at  least  no  treatment 


32 


INVESTIGATIVE  TESTS. 


in  which  the  metal  was  heated  above  the  critical  range.    Micrograph 
No.  4283  shows  the  same  specimen  as  No.  4282,  only  at  500  diameters. 


CHEMICAL  ANALYSIS. 


In  the  tables  below,  Table  3  and  Table  4,  is  shown  the  chemical 
composition  of  the  barrel  and  receiver,  respectively,  of  the  four 
rifles  wjuch  failed  in  the  Navy  and  have  been  previously  referred  to 
as  rifles  Nos.  2,  3,  4,  and  5. 

* 

Table  3. — Analysis  of  barrels. 


Rifle  No.  2 
Rifle  No.  3 
Rifle  No.  4 
Rifle  No.  5 


c. 

Mn. 

Si. 

8. 

P. 

Nl. 

Cr. 

Percent. 

Percent. 

Percent. 

Percent. 

Percent. 

Percent. 

Percent. 

0.52 

1.23 

a  183 

a  058 

a  068 

a  283 

a  08 

.62 

1.13 

.183 

.048 

.066 

.351 

.07 

.50 

1.08 

.218 

.039 

.076 

.041 

.06 

.02 

1.33 

.347 

.049 

.063 

.191 

.06 

Table  4. — Analysis  of  receivers. 


Rifle  No,  2 
Rifle  No.  3 
Rifle  No.  4 
Rifle  No.  5 


C 


Percent. 

0.388 

.428 

•  368 

.338 


Mn. 


Percent. 

1.21 

1.28 

.98 

1.10 


Si. 


Percent. 

0.050 

.113 

.083 

.077 


8. 


Percent. 

a  052 

.080 

.026 

.053 


P. 


Percent. 

a  056 

.066 

.029 

.031 


Ni. 


Percent. 
a  15 
.20 
.52 
Nil. 


Cr. 


Percent. 

a  18 

.20 

.31 

.13 


Photograph  No.  4296  shows  the  character  of  the  failure  of  rifle 
No.  6.  This  was  a  model  of  1903  rifle  manufactured  at  the  Rock 
Island  Arsenal,  and  failed  at  Fort  D.  A.  Russell,  Wyo.  As  seen 
from  the  photograph,  the  receiver  was  the  part  destroyed.  The 
side  of  the  magazine  was  sprung  out  somewhat,  but  not  fractured. 

Micrograph  No.  4284,  at  50  diameters,  shows  the  structure  of  the 
barrel  of  rifle  No.  6  after  etching  with  nitric  acid.  As  can  be 
seen  from  this  micrograph,  the  metal  is  slightly  streaked.  The 
structure  of  the  same  specimen  at  500  diameters  is  shown  in  micro- 
graph No.  4285,  in  which  a  small  slag  inclusion  can  be  seen.  The 
specimen  was  repolished  and  etched  with  Stead's  reagent  in  search 
of  phosphorus  banding.  Micrograph  No.  4286,  at  50  diameters, 
shows  tne  resulting  structure  observed  in  the  central  portion  of 
the  barrel,  while  micrograph  No.  4287,  at  50  diameters,  shows  the 
structure  of  the  inside  edge  next  to  the  bore.  Both  micrographs 
show  decided  phosphorus  banding,  and  it  will  be  observed  tnat 
there  is  much  more  sharp  line  of  demarkation  between  the  high 
and  low  phosphorus  regions  in  micrograph  No.  4287  than  in  No. 
4286.  Micrograph  No.  4288  shows  the  central  portion  of  the  barrel 
etched  with  Stead's  reagent  and  magnified  500  diameters.  This 
micrograph  was  taken  on  the  same  location  as  No.  4286  and  shows 
the  bands  at  higher  magnification. 

•  Although  this  barrel  did  not  fail,  it  is  seen  to  be  of  material  having 
a  very  undesirable  structure,  especially  as  regards  the  segregation 
of  phosphorus. 
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Micrograph  No.  4289,  at  50  diameters,  shows  the  structure  of  the 
receiver  of  rifle  No.  6  after  etching  with  nitric  acid.  The  edge  is 
shown  and  a  slight  case  is  seen  to  he  present,  while  the  inner  portion 
at  this  magnification  appears  to  be  troosto-martensitic,  together 
with  free  ferrite.  Micrograph  No.  4290,  at  500  diameters,  confirms 
this  in  regard  to  the  structure.  This  is  the  only  specimen  found 
among  the  receivers  which  showed  evidence  of  a  noticeable  case- 
hardening  operation  having  been  performed.  The  cajise  of  the 
failure  of  this  receiver  was  due  to  excessive  brittleness  of  the  ma- 
terial, which  is  evidenced  by  the  microatructure  and  was  observed 
by  the  action  of  the  metal  when  clamped  in  a  vise  and  struck  with 
a  hammer.  Although  the  chemical  analysis  as  shown  in  the  table 
below  gives  the  phosphorus  content  of  tnis  receiver  as  being  0.082 
per  cent,  there  was  no  evidence  of  segregation  of  that  element  as 
revealed  by  carefully  conducted  etchings  with  Stead's  reagent. 

Table  6. — Analysis  of  rifle  No.  6. 


C. 

Mn. 

Si. 

S. 

P. 

Ni. 

Cr. 

Barrel.. 

Per  cent. 
0.55 
.25 

Percent. 
1.21 
.76 

•Percent. 
a  141 
.140. 

Percent. 
0.040 
.087 

Percent. 
0.056 
.082 

Percent. 
0.176 
Nil. 

Percent. 
0.08 
.15 

Receiver 
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BROKEN  BOLTS  FROM  UNITED  STATES  RIFLE,  CALIBER  .SO. 

MODEL   OF    1903. 

OBJECT. 

The  object  of  this  investigation  was  to  make  a  complete  exam- 
ination ol  these  two  bolts  and  if  possible  determine  the  cause  of 
failure. 

CONCLUSIONS. 

It  is  the  conclusion  of  this  laboratory  that  the  failure  of  both  of 
these  bolts  is  due  to  the  same  factor.  Both  were  very  hard  and 
brittle  and  their  resistance  to  sudden  impact  was  very  low,  as  could 
be  ascertained  by  securely  fastening  the  metal  in  a  vise  and  strik- 
ing light  blows  with  a  hammer.  The  Brinell  hardness  number  on 
one  of  these  was  430  and  on  the  other  it  was  489.  The  structure 
of  both  was  martensitic.  This  structure  is  characteristic  of  very 
brittle  material. 

The  chemical  composition  of  these  bolts  is  not  within  the  specified 
limits  with  regard  to  carbon,  manganese,  and  silicon. 

MATERIAL. 

The  material  investigated  consisted  of  two  bolts  from  United 
States  rifle,  caliber  .30,  model  of  1903,  which  failed  in  service  at 
Camp  Greene,  N.  C,  and  were  submitted  to  this  laboratory  for  ex- 
amination by  the  Engineering  Bureau,  Ordnance  Office.  Both 
bolts  were  fractured  at  the  forward  end  where  they  come  in  contact 
with  the  cartridge. 

EXPERIMENTAL. 

The  experimental  work  consisted  of  the  microscopic  examination, 
chemical  analysis,  and  Brinell  hardness  tests  of  the  material  under- 
going investigation. 

Before  preparing  these  bolts  for  microscopic  examination  they 
were  brightened  over  the  entire  surface  with  emery  paper  and  etched 
with  nitric  acid.  This  was  done  to  ascertain  if  possible  any  local 
heat  treatment  which  might  have  been  applied.  Any  information 
thus  obtained  would  serve  as  a  guide  to  the  location  of  specimens 
for  microscopic  examination.  This  etching  indicated  that  both 
bolts  had  been  uniformly  heat  treated  throughout. 

Microscopic  Examination. 

In  preparing  suitable  specimens  for  microscopic  examination  it  was 
observed  that  the  metal  of  both  bolts  was  very  hard  and  brittle.  It 
could  not  be  cut  with  a  file  or  saw,  and  for  this  reason  specimens  were 
cut  out  by  means  of  an  abrasive  cutting  disk.  ,  Specimens  were  pre- 
pared to  show  the  structure  at  both  ends  and  in  the  central  part  of 
each  bolt. 
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Micrograph  No.  4337,  at  500  diameters,  shows  the  structure  of 
bolt  No.  1  etched  in  nitric  acid.  It  is  seen  to  be  martensitic  in 
character  with  associated  troostite.  Micrograph  No.  4338,  at  500 
diameters,  shows  the  structure  of  bolt  No.  2  and  is  almost  identical 
to  that  of  No.  1.  In  both  cases  the  structure  was  the  same  in  all 
locations  on  the  bolts,  and  that  shown  in  the  micrographs  truly  repre- 
sents the  structure  prevailing.  In  some  places  there  was  the  appear- 
ance of  a  very  thin  case,  visible  only  at  a  magnification  of  500  diameters. 
The  structure  was  so  fine  at  50  diameters  that  micrographs  were  not 
taken  at  this  magnification.  Etching  with  Stead's  reagent  did  not 
show  any  streaks  and  both  bolts  were  comparatively  free  from  slag. 

BRINELL  HARPNE88  TE8T8. 

The  spherical  portion  of  the  handle  of  each  bolt  was  cut  in  such  a 
manner  as  to  allow  of  two  accurate  Brinell  hardness  tests  being  made. 
This  was  done  and  the  average  of  the  two  readings  was  taken  and 
is  recorded  below. 

Brinell  hardness  of  bolt  No.  1 430 

Brinell  hardness  of  bolt  No.  2 489  • 

Since  the  micros  true  ture  at  all  locations  of  the  bolt  was  the  same 
it  seems  reasonable  to  conclude  that  the  above  figures  truly  represent 
the  hardness  at  all  points  of  the  bolt. 

Chemical  Analysis. 

A  portion  of  each  bolt  was  annealed  in  order  to  makeypossible  the 
milling  of  samples  for  chemical  analysis.  This  annealing  was  done 
with  due  precaution  to  prevent  oxidation  or  decarburization  of  the 
surface  layers. 

The  result  of  analysis  is  shown  in  the  table  below. 


C. 

Mn. 

Si. 

S. 

P. 

Nl. 

Ct. 

- 

Cu. 

Bolt  No.  1.. .. 
Bolt  No.  2 

Percent. 
%    0.518 
.484 

Percent. 
1.56 
1.48 

Percent. 
» Trace. 
» Trace. 

Percent. 
0.030 
.027 

Percent. 
0.Q10 
.016 

Percent. 
None. 
None. 

Percent. 
None. 
None. 

Percent. 
0.035 
.030 

»  Less  than  0.05  per  cent. 


The  carbon,  manganese,  and  silicon  percentages  in  both  of  these 
bolts  do  not  comply  with  the  specifications.  It  is  believed,  however, 
that  a  heat  treatment  could  be  given  material  of  this  composition 
which  would  greatly  reduce  its  brittleness  and  improve  its  resistance 
to  the  dynamic  stresses  to  which  it  is  necessarily  subjected  in  service. 
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EXAMINATION  OF  UNITED  STATES  BIFLE,  CALIBEE  .30, 

MODEL   OF   1917,  HO.  43080. 


OBJECT. 

The  object  of  this  investigation  was  to  ascertain  the  cause  of  the 
bursting  of  the  barrel  of  this  rifle.  In  addition  to  this,  several 
other  parts  were  examined  which  had  been  previously  found  to  be 
sources  of  failure,  viz,  the  bolt,  receiver,  and  firing  pin. 

CONCLUSIONS. 

The  failure  of  this  barrel  is  believed  to  be  due,  in  part  at  least,  to 
its  inferior  physical  properties  in  the  transverse  direction.  It  was 
impossible  to  obtain  tests  to  prove  this  directly,  but  from  the  result 
of  tests  taken  in  the  longitudinal  direction,  and  from  the  nature  of 
the  metal  as  shown  by  microscopic  examination,  and  from  previous 
work  done  in  this  laboratory  on  material  of  a  similar  nature  in  which 
definite  conclusions  could  be  arrived  at  regarding  the  relationship 
between  physical  tests  taken  in  the  longitudinal  and  transverse 
direction  and  the  microstructure,  it  is  believed  to  be  safe  to  conclude 
that  the  failure  of  this  barrel  was  due  to  inferior  physical  properties 
in  the  transverse  direction.  The  metal  was  streaked  in  the  longitu- 
dinal direction  and  contained  a  great  many  nonmetallic  inclusions 
which  were  greatly  elongated  in  tne  longitudinal  direction;  both  of 
which,  as  is  well  known,  weaken  the  metal  materially  in  the  trans- 
verse direction. 

Physical  tests  in  Jthe  longitudinal  direction  showed  that  the  elastic 
limit  did  not  meet  the  required  specifications. 

The  receiver  had  not  been  uniformly  heat  treated.  The  forward 
end  was  in  the  quenched  condition  while  the  other  portion  had  not 
been  so  treated  and  was  streaked  as  shown  by  nitric  acid  etching. 
The  bolt  was  uniformly  heat  treated  throughout  as  shown  by  the  micro- 
graphs. It  has  the  appearance  of  a  low-carbon  steel  which  has  been 
quenched.  The  firing;  pin  has  been  heat  treated  on  the  forward  end 
or  striker  portion.  From  the  appearance  of  the  metal  under  the 
microscope  as  shown  in  the  accompanying  micrographs  it  is  seen  that 
the  structure  at  the  point  is  noticeably  different  irom  that  farther 
back. 

MATERIAL. 

The  material  investigated  was  the  barrel,  receiver,  bolt,  and  firing 
pin  from  rifle  No.  43080,  caliber  .30,  Eddys  tone  model  of  1917,  which 
tailed  at  Camp  Gordon,  Atlanta,  Ga. 

EXPERIMENTAL. 

The  experimental  work  involved  microscopic  examination,  physical 
tests,  ana  chemical  analysis  of  the  metal  under  investigation.  A 
photograph  was  also  taken  of  the  barrel  which  shows  its  burst  condi- 
tion as  received  in  this  laboratory. 
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Examination  of  Barrel. 

Photograph  No.  4299  shows  the  nature  of  the  failure  of  the  barrel 
and  needs  no  comment.  Specimens  were  prepared  from  this  barrel 
for  microscopic  examination,  chemical  analysis,  and  physical  tests. 

Microscopic  Examination. 

Micrograph  No.  4300,  at  50  diameters,  shows  a  longitudinal  sec- 
tion of  the  barrel  etched  in  4  per  cent  nitric  acid.  The  metal  has 
been  considerably  cold  worked;  that  is,  worked  at  a  temperature 
below  the  critical  range  and  has  not  been  subsequently  reheated 
above  that  range.  The  same  specimen  is  shown  in  micrograph  No. 
4301  at  500  diameters.  The  structure  characteristic  of  "cold  work- 
ing" is  here  also  plainly  evident  and  at  this  magnification  a  large 
elongated  nonmetallic  inclusion  is  revealed.  After  repolishing  and 
etching  with  Stead's  reagent  the  structure  shown  in  micrograph 
No.  4302,  at  50  diameters,  was  developed.  This  shows  the  metal  to 
be  streaked  and  to  contain  particles  of  nonmetallic  inclusions  greatly 
elongated  in  the  direction  of  rolling.  This  is  shown  more  clearly 
in  micrograph  No.  4313,  at  50  diameters,  of  the  specimen  in  the  un- 
etched  condition.  In  this  micrograph  is  shown  one  of  the  elon- 
gated nonmetallic  inclusions  above  mentioned.  Careful  examina- 
tion reveals  these  to  be  particles  of  slag.  The  harmful  effect  which 
these  streaks  and  nonmetallic  inclusions  have  on  the  physical  prop- 
erties of  such  metals,  as  shown  by  tests  taken  in  the  transverse  di- 
rection, is  too  well  known  to  merit  discussion  here,  and  were  it  pos- 
sible to  obtain  such  transverse  tests  on  this  barrel  it  is  the  opinion  of 
this  laboratory  that  the  physical  properties  thus  shown  would  fall 
far  short  of  complying  with  the  present  specifications. 

Physical  Tests. 
The  present  physical  specifications  are  given  below  in  Table  I. 

Table  I. 


Elastic  limit 
(pounds  per 
square  inch). 

Tensile  strength 

(pounds  per 

square  inch). 

Elongation  (per 
cent). 

Reduction  of 
area  (per  cent). 

70,000 

100,000 

15 

30 

Three  tensile  test  specimens  were  obtained  from  the  breech  end  of 
this  barrel.  ~  Thejr  were  0.2530-inch  diameter  and  2-inch  gauge 
length.  The  physical  properties  of  these  three  specimens  are  shown 
below  in  Table  II. 

Table  II. 


1 

i    Yield  point 
Test  No.   ,  (pounds  per 
1  square  inch). 

Tensilestrength 

(pounds  per 

square  inch). 

Elongation 
(per  cent). 

Reduction  of 
area(percent).' 

3 

06,000 
66,000 
64,000 

102,000 
102,000 
102,000 

18.0 
16.5 
16.0 

56 
56 
56 

i 
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The  elastic  limit  was  not  determined  but,  since  the  yield  point  is  at 
least  a  few  thousand  pounds  per  square  inch  higher,  a  comparison 
of  the  tables,  I  and  II,  shows  that  this  barrel  fails  to  pass  the  re- 
quirements on  elastic  limit.  Transverse  tests,  were  they  possible, 
would  no  doubt  show  decidedly  inferior  properties  to  the  longi- 
tudinal tests  given  above.  The  streaked  condition  of  the  barrel, 
together  with  the  nonmetallic  inclusions  previously  described,  con- 
tribute to  form  planes  of  weakness  in  the  transverse  direction.  Since 
the  stresses  to  which  this  material  is  subjected  in  service  are  of  maxi- 
mum value  in  the  transverse  direction  it  is  believed  that  the  failure 
of  this  barrel  is  due  to  planes  of  weakness  which  are  a  result  of  the 
streaks  and  nonmetallic  inclusions  shown  to  exist. 

Chemical  Analysis. 

Analysis  of  this  barrel  as  carried  out  in  this  laboratory  gives  the 
composition  as  shown  in  Table  III  below. 

Table  III. 


C. 

• 

Mn. 

SI. 

B. 

r. 

Nl. 

Cr. 



Cu. 

Barrel 

Percent. 
0.440 

Percent. 
1.13 

Per  cent. 
0.175 

Percent. 
0.063 

Per  cent. 
0.061 

Percent. 
Nome. 

Percent. 
0.316 

Percent. 
0.063 

The  sulphur  is  practically  within  the  required  limit  of  0.06  per 
cent  maximum  and  the  phosphorus  is  well  within  the  present  limit 
of  0.08  per  cent  maximum.  It  is  believed  that  a  maximum  allow- 
able phosphorus  limit  of  0.08  per  cent  is  entirely  too  high  for  material 
which  must  necessarily  be  subjected  to  severe  dynamic  service 
stresses.  It  has  previously  been  shown  in  this  laboratory  that  the 
Charpy  shock  resistance  of  steel  falls  off  rapidly  with  increased 
percentages  of  phosphorus. 

Examination  of  Receiver,  Bolt,  and  Firing  Pin. 

Receiver. — The  only  portion  of  this  rifle  which  failed  was  the 
barrel,  but  the  receiver,  bolt,  and  firing  pin  were  also  examined. 
Micrograph  No.  4303,  at  50  diameters,  shows  a  longitudinal  section 
of  the  receiver  etched  in  nitric  acid.  Upon  etching  it  was  observed 
by  direct  visual  examination  that  one  end  of  the  specimen  etched 
very  much  darker  than  the  other  and  the  line  of  demarkation  between 
the  dark  and  the  light  end  was  fairly  sharp.  This  line  of  demark- 
ation was  approximately  2  J  inches  from  the  forward  end.  The 
forward  end  of  the  receiver  has  no  doubt  been  quenched  to  a  depth 
of  about  2§  inches.  Due  to  a  mistake  the  other  end  of  this  receiver 
was  annealed  in  order  to  obtain  a  sample  for  chemical  analysis 
before  examining  for  local  heat  treatment.  It  is  understood  that 
this  end  is  also  quenched  and  this  point  will  be  determined  definitely 
on  the  next  rifle  to  be  reported  on.  The  remaining  portion  of  the 
receiver  was  polished  until  its  surface  was  made  brignt  and  etched 
likewise  with  nitric  acid.  This  etching  showed  the  forward  end  of 
the  receiver  had  been  quenched  to  a  uniform  depth  of  about  2  J 
inches  as  stated  above.    Micrograph  No.  4303,  previously  mentioned, 
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was  taken  in  the  region  of  the  line  of  demarkation.  At  this  magni- 
fication, of  50  diameters,  the  change  in  structure  does  not  appear  so 
abrupt:  Micrograph  No.  4304,  at  500  diameters,  shows  the  same  loca- 
tion as  No.  4303  and  etched  with  the  same  reagent.  Micrograph  No. 
4305,  at  50  diameters,  shows  a  longitudinal  section  of  the  specimen 
near  the  forward  end  etched  in  nitric  acid  where  the  heat  treatment 
was  effectual.  Micrograph  No.  4306  shows  the  same  location  as  No. 
4305,  only  at  500  diameters.  The  structure  here  is  troosto-sorbitic 
with  the  outline  of  original  martensite  whereas  in  micrograph  No. 
4303  and  No.  4304  it  was  sorbitic  with  a  great  deal  of  free  ferrite  in 
the  banded  condition.  Micrograph  No.  4307,  at  50  diameters, 
etched  in  nitric  acid  shows  a  longitudinal  section  of  the  receiver 
taken  at  the  opposite  end  of  the  same  specimen  from  which  No. 
4305  was  obtained.  Micrograph  No.  4308,  at  500  diameters,  shows 
the  same  specimen  at  the  higher  magnification.  Free  ferrite  and 
pearlite  are  the  constituents.  It  was  thought  that  Shore  schlero- 
scope  readings  on  the  surface  of  this  specimen  would  be  of  some 
interest  and  value  and  consequently  a  series  of  such  tests  was  made. 
The  accompanying  sketch  snows  the  hardness  values  obtained  by 
this  method  and  their  relative  location. 

A  toward  forward  end  of  receiver. 
B  toward  breech  end  of  receiver. 

C  line  of  demarkation  of  structure  between  heat-treated  end  A  and  end  not  so 
treated  B. 


39 
38 

• 

42 
42 
42 
42 
39 
32 
20 
20 
19 
20 
20 


The  hardness  values  obtained  for  the  heat-treated  end  are  practi- 
cally double  the  values  obtained  on  the  end  not  heat  treated  and  at 
the  change  of  microstructure  the  change  in  hardness  is  very  abrupt 
as  shown. 

On  account  of  the  banded  condition  of  the  ferrite,  as  shown  in 
micrographs  No.  4303  and  No.  4307,  it  was  decided  to  repolish  this 
specimen  and  etch  with  Stead's  reagent  in  order  to  reveal  any 
possible  phosphorus  segregation  or  banding.  This  accordingly  was 
done,  but  no  trace  of  such  banding  was  found  by  this  procedure. 
Chemical  analysis  of  this  receiver  gave  the  results  which  are  recorded 
below  in  Table  IV. 
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Table  IV. 

• 

-    C. 

Mil. 

Si. 

S. 

P. 

Ni. 

Cr. 

Cu. 

Receiver 

Per  cent. 
0.304 

Percent. 
0.68 

Percent. 
0.097 

Percent. 
0.044 

Percent. 
0.021 

Percent. 
2.68 

Percent. 
0.329 

Percent. 
a  075 

Bolt. — Micrograph  No.  4309,  at  50  diameters,  shows  a  longitudinal 
section  of  the  forward  end  of  the  bolt  after  etching  with  nitric  acid. 
The  same  section  magnified  500  diameters  is  shown  in  micrograph 
No.  4310.  The  micrographs  present  a  structure  characteristic  of  a 
heat-treated  low  carbon  steel.  The  constituent  containing  carbon  is 
in  the  troosto-sorbitic  condition.  A  small  slag  inclusion  is  shown  in 
micrograph  No.  43 10,  but  in  general  the  metal  is  clean.  This  structure 
was  uniform  throughout  the  entire  length  of  the  bolt. 

Firing  pin. — The  firing  pin  was  brightened  with  emery  paper  and 
etched  with  4  per  cent  nitric  acid  to  ascertain  if  possible  any  varia- 
tion in  heat  treatment  from  one  end  to  the  other.  The  forward  end 
blackened  rapidly  for  a  length  of  a  little  less  than  2  inches  from  the 
point,  thus  indicating  this  end  bad  been  quenched.  A  section  from 
this  end  was  taken  ior  microscopic  examination,  so  located  as  to 
show  the  variation  of  structure  which  was  present.  At  a  magni- 
fication of  50  diameters  no  great  difference  could  be  distinguished  in 
the  structure,  as  everywhere  the  structure  was  extremely  fine. 
Micrograph  No.  4311,  at  500  diameters,  shows  a  longitudinal  section 
of  the  firing  pin  near  the  point,  etched  in  4  per  cent  nitric  acid. 
Micrograph  No.  4312,  at  500  diameters,  shows  the  structure  about  2 
inches  from  the  point.  Much  more  free  ferrite  is  seen  to  exist  in 
this  location  than  near  the  point.  The  firing-pin  rod  and  striker  is 
all  one  piece  in  this  case,  wnereas  in  the  United  States  rifle,  caliber 
.30,  model  of  1903,  the  striker  is  a  separate  piece  and  is  fastened  to 
the  firing-pin  rod,  and  is  held  in  place  by  the  firing-pin  sleeve. 
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EXAMINATION    OF    UNITED    STATES    EIFLE,    CALIBEE    .30, 
MODEL  OF  1903,  WHICH  FAILED  AT  CAMP  OBEEHE,  H.  C. 

OBJECT. 

The  object  of  this  investigation  was  to  determine  the  cause  of 
failure  of  this  rifle.  The  receiver  and  the  firing-pin  rod  were  the 
components  which  failed.  The  barrel,  bolt,  ana  striker  were  also 
examined. 

CONCLUSIONS. 

The  receiver  of  this  rifle  had  not  been  properly  heat  treated  prior 
to  being  put  in  service.  Microscopic  examination  showed  the  metal 
to  be  very  coarsely  crystalline  and  the  structure  was  that  obtained 
by  cooling  at  a  fairly  rapid  rate  from  a  high  temperature.  The 
metal  was  very  brittle  under  impact,  as  evidenced  by  its  being 
readily  broken  when  struck  a  light  Mow  with  a  hammer. 

The  barrel  of  this  rifle  showed  good  properties  by  the  static  tensile 
test,  both  in  strength  and  ductility.  The  average  of  two  Charpy 
transverse  tests  was  165  foot-pounds  per  square  inch.  The  metal 
was  considerably  streaked,  as  shown  by  etching  with  Stead's  reagent. 

The  bolt  possessed  a  microstructure  when  etched  with  nitric  acid, 
which  it  is  believed  is  very  desirable,  since  it  indicates  a  steel  which 
would  have  good  ductility  and  resistance  to  sudden  impact.  Its 
Brinell  hardness  number  was  181. 

The  firing-pin  rod  possessed  a  microstructure  characteristic  of 
approximately  an  0.80  per  cent  carbon  steel,  and  was  in  the  pearlitic 
condition.  It  fractured  near  the  forward  end  where  a  very  abrupt 
change  of  suction  occurs.    This  is  shown  in  photograph  No.  3914-A. 

Tl^e  striker  was  decarburized  on  the  surface  and  careful  examina- 
tion shows  the  microstructure  to  be  somewhat  uneven. 

MATERIAL. 

The  material  investigated  was  the  barrel,  bolt,  receiver,  firing-pin 
rod,  and  striker  from  a  United  States  rifle,  caliber  .30,  model  of  1903, 
which  was  made  at  Rock  Island  Arsenal  and  failed  at  Camp  Greene. 
The  receiver  and  firing-pin  rod  were  the  components  which  failed. 
Photograph  No.  3914  snows  the  condition  when  received  in  this 
laboratory. 

EXPERIMENTAL. 

The  experimental  work  consisted  of  microscopic  examination, 
chemical  analysis,  and  physical  tests.  Photographs  of  the  rifle  were 
taken  which  snow  the  extent  of  the  failure. 

Chemical  Analysis. 

Chemical  analysis  of  the  barrel,  bolt,  and  receiver  was  made  and 
the  composition  of  each  is  shown  in  table  on  following  page. 
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Chemical  composition. 


C. 

Mn. 

SI. 

8. 

P. 

Nl. 

Cr. 

Per  cent. 

Percent. 

Per  cent. 

Percent. 

Percent. 

Percent. 

Percent. 

Barrel 

,        0.44 

1.20 

0.173 

0.047 

0.042 

None. 

a  25 

Bolt 

1         .40 

1.60 

.216 

.058 

.067 

None. 

.08  • 

Receiver 

.40 

1 

.14 

Trace. 

.050 

.059 

None. 

.11 

The  carbon  and  manganese  of  the  barrel  are  unusually  low.  The 
manganese  content  of  the  bolt  is  much  higher  than  generally  found 
and  exceeds  the  maximum  permitted  by  the  specifications.  Accord- 
ing to  Form  No.  528,  July  1,  1916,  the  bolt  and  receiver  are  both  to 
be  made  of  "G"  steel.  The  bolt  and  receiver  herein  reported  are 
not  of  the  same  composition,  and  neither  component  meets  the 
specifications  for  "C"  steel. 

Physical  Tests. 

Static  tensile  tests. — One  tensile  specimen  0.2530  inch  diameter 
and  2  inches  gauge  length  was  obtained  from  the  breech  end  of  the 
barrel  and  gave  the  following  properties  when  tested: 


Specimen. 

Yield  point, 
pounds  per 
square  inch. 

Tensile 

strength, 

pounds  per 

square  inch. 

Elongation 

in  2  inches 

(inches). 

Contrac- 
tion of  area 
(per  cent). 

Barrel 

88,000 

124,000 

15 

56 

CKarpy  tests. — Two  Charpy  bars  were  obtained  from  the  breech 
end  of  the  barrel,  and  when  tested  gave  the  following  results: 


Specimen. 

1 
Foot-pounds 
absorbed  per 
square  inch. 

1 

124 
207 

2 

Average 

166 

Brined  hardness  tests. — Brinell  hardness  tests  were  made  on  the 
knob  of  the  bolt  and  on  the  barrel.  Two  tests  were  made  on  each 
with  the  following  results: 


Hardness  of  bolt: 

Specimen  1 179 

Specimen  2 183 


Average. 


181 


Hardnees  of  barrel: 

Specimen  1 248. 0 

Specimen  2 265. 0 


Average 251. 5 


The  Brinell  hardness  number  obtained  on  the  bolt  is  particularly 
interesting  when  compared  to  that  of  several  bolts  previously  reported 
on  which  failed  in  service  and  which  had  a  Brinell  hardness  value  of 
from  341  to  430.  This  bolt,  having  a  Brinell  hardness  of  181,  did 
not  fail. 
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Microscopic  Examination. 

Barrel. — Examination  of  several  specimens  prepared  in  such  a 
manner  as  to  present  a  longitudinal  section  was  made.  In  the 
unetched  condition  the  metal  was  seen  to  contain  numerous  elongated 
nonmetallic  inclusions,  which  will  be  referred  to  later.  Etching  with 
4  per  cent  nitric  acid  shows  a  cold-worked  structure.  This  is  illus- 
trated in  micrograph  No.  3897  at  50  diameters.  This  structure  has 
been  found  in  many  barrels  which  have  given  good  service.  Micro- 
graph No.  3898,  at  500  diameters,  shows  the  same  structure  as  No. 
3897,  only  more  highly  magnified.  In  this  micrograph  the  cold 
working  is  also  plainly  visible,  and  the  constituent  containing  carbon 
is  sorbite. 

Micrograph  No.  3899,  at  500  diameters,  shows  a  longitudinal  sec- 
tion of  the  barrel  in  the  unetched  condition.  This  shows  the  non- 
metallic  inclusions  previously  referred  to.  Etching  with  Stead's 
reagent  reveals  considerable  phosphorus  banding.  This  is  shown  in 
micrograph  No.  3900  at  50  diameters. 

Inclusions  such  as  shown  in  micrograph  No.  3899  and  evidence  of 
phosphorus  segregation  as  shown  by  the  streaks  in  micrograph  No. 
3900  are  two  conditions  which  are  very  undesirable.  These  con- 
ditions do  not  necessarily  cause  failure,  which  is  evidenced  by  this 
barrel  still  being  intact,  but  they  have  been  found  to  accompany  the 
failure  of  practically  all  the  defective  barrels  investigated,  and  their 
evil  effect  is  too  well  known  to  require  further  discussion  here. 

Receiver. — The  fragments  of  this  receiver  were  assembled,  and  before 
preparing  any  specimens  for  microscopic  examination  they  were  bright- 
ened with  fine  emery  paper  and  etched  with  4  per  cent  nitric  acid. 
This  did  not  show  any  indication  of  local  heat  treatment.  Specimens 
were  then  prepared  for  the  examination  of  the  microstructure  at  both 
ends  and  the  central  portion.  In  preparing  these  specimens  it  was 
observed  that  the  metal  was  very  Diittle.  Pieces  clamped  in  a  vise 
and  struck  light  blows  with  a  hammer  fractured  easily,  with  no  evi- 
dence of  ductility.  The  microsctructure  was  uniform  in  all  surfaces 
examined.  In  the  unetched  condition  a  few  nonmetallic  inclusions 
were  visible,  which  were  only  of  slight  significance.  Micrograph  No. 
3901,  at  50  diameters,  shows  the  structure  depicted  by  etching  in 
4  per  cent  nitric  acid.  The  very  large  grains  are  evidence  that  this 
receiver  has  been  heated  to  an  excessively  high  temperature,  after 
which  it  was  not  reheated  above  the  critical  range.  The  rate  of 
cooling  from  this  high  temperature  was  such  as  to  prevent  a  great  deal 
of  the  ferrite  from  separating  out.  This  is  more  definitely  shown  in 
micrograph  No.  3902  at  500  diameters.  This  shows  the  corner  of 
three  of  the  large  grains  and  the  boundary  of  ferrite.  The  carbon 
containing  constituent  composing  the  larger  part  of  the  micrograph  is 
troosto-sorbitic  in  character.  Judging  from  the  microstructure  and 
from  the  temperature  and  rate  of  cooling  from  that  temperature 
necessary  to  produce  such  a  microstructure,  and  from  the  thickness 
of  section  of  a  finished  receiver,  it  is  believed  that  this  receiver  was 
finish  forged  at  a  very  high'  temperature  and  air  cooled  from  the 
finishing  temperature  without  receiving  any  subsequent  heat  treat- 
ment. 

Bolt. — Macroscopic  etching  of  the  bolt  gave  no  indications  of  local 
heat  treatment.    Specimens  were  prepared  for  microscopic  examina- 


44  INVESTIGATIVE  TESTS. 

tion  from  the  forward  end,  the  central  portion,  and  the  knob.  Micro- 
graph No.  3903,  at  50  diameters,  shows  the  structure  at  the  forward 
end  after  etching  with  4  per  cent  nitric  acid.  The  bolt  has  been  case- 
hardened  and  tke  case  is  shown  very  plainly  in  this  micrograph. 
Micrograph  No.  3904,  also  at  50  diameters,  shows  the  structure  near 
the  central  portion  after  etching  in  nitric  acid.  These  micrographs 
show  the  metal  to  possess  a  very  fine  granular  structure.  Micrograph 
No.  3905,  at  500  diameters,  id  a  higher  magnification  of  the  structure 
shown  in  micrograph  No.  3904.  A  large  portion  of  free  ferrite  is 
shown  here  associated  with  the  constituent  containing  carbon,  which 
apparently  is  in  the  troosto-sorbitic  state.  A  few  minute  slag  inclu- 
sions are  shown  also.  This  structure  is  characteristic  of  a  steel 
which,  although  not  possessing  a  high  tensile  strength  and  elastic 
limit,  has  good  ductility  and  resistance  to  dynamic  stresses.     Micro- 

fraph  No.  3906,  at  50  diameters,  shows  the  structure  brought  about 
y  etching  with  Stead's  reagent.  Considerable  phosphorus  banding 
is  shown,  which  may  be  expected  in  view  of  the  fact  that  the  phos- 
phorus was  determined  to  oe  0.067  per  cent. 

Firing-pin  rod. — Macroscopic  etching  with  nitric  acid  indicated 
that  the  firing-pin  rod  had  been  uniformly  heat  treated  throughout. 
Microscopic  examination  of  the  metal  unetched  showed  it  to  be  clean 
and  free  from  nonmetaUic  inclusions.  Micrograph  No.  3907,  at  50 
diameters,  shows  a  longitudinal  section  of  this  component  after 
etching  with  4  per  cent  nitric  acid.  Micrograph  No.  3908,  at  500 
dianleters,  shows  the  same  structure  more  highly  magnified.  The 
structure  is  entirely  pearlitic,  and  it  would  appear  from  the  micro- 
graph that  the  carbon  content  is  approximately  0.80  per  cent.  The 
outer  surface  of  this  firing-pin  rod  snows  a  considerable  decarburized 
laver.  This  is  shown  in  micrograph  No.  3909  at  500  diameters, 
wnich  was  taken  near  the  edge  of  the  same  specimen  from  which 
micrograph  No.  3908  was  taken. 

Striker. — A  longitudinal  section  of  the  striker  was  polished  for 
microscopic  examination  which  presented  a  surface  extending  almost 
its  entire  length.  Micrograph  No.  3910,  at  50  diameters,  shows  the 
structure  resulting  from  nitric  acid  etching.  Careful  examination 
of  this  specimen  at  higher  magnification  showed  the  structure  to  be 
uniform  "longitudinally,"  i.  e.,  no  variation  in  structure  from  one 
end  to  the  otner  could  be  detected,  but  it  was  observed  that  one 
"side"  of  the  specimen  was  slightly  different  in  structure  from  the 
other.  This  is  snown  clearly  in  micrographs  No.  3911  and  No.  3912, 
both  magnified  500  diameters.  Micrograph  No.  3912  is  seen  to  con- 
tain considerably  more  free  ferrite  than  micrograph  No.  3911.  This 
seems  rather  unusual  for  specimens  as  small  as  a  striker. 
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INVESTIGATION  OF  THEEE  UNITED  STATES  BIFLES,  CALIBEB 

.30,  MODEL  1917. 

OBJECT. 

The  object  of  this  investigation  was  to  determine  the  cause  of 
failure  of  these  rifles.  In  each  instance  the  barrel  was  the  com- 
ponent which  failed. 

CONCLUSIONS. 

It  is  the  conclusion  of  this  laboratory  that  the  cause  of  failure 
of  these  three  barrels  was  in  each  case  due  to  inferior  physical 
properties.  Rifle  No.  29110  was  the  only  one  which  afforded  suffi- 
cient metal  to  permit  a  reliable  tensile  test,  but  owing  to  the 
similarity  in  microstructure  and  Brinell  hardness  of  all  the  barrels 
it  seems  safe  to  conclude  that  the  other  properties  would  likewise 
prove  similar.  The  yield  point  of  rifle  No.  29110  was  only  60,000 
pounds  per  square  inch,  as  determined  bj  a  longitudinal  test,  and 
owing  to  the  streaked  and  banded  condition  of  the  metal  it  may 
be  stated  quite  positively  that  the  physical  properties  in  the  trans- 
verse direction  would  be  decidedly  less. 

The  metal  in  all  these  barrels  was  markedly  banded  as  a  result 
of  phosphorus  segregation.  This  is  shown  in  the  micrographs  taken 
after  etching  with  Stead's  reagent.  A  considerable  number  of 
nonmetallic  inclusions  were  found  throughout  the  metal  of  each 
barrel.  In  view  of  the  results  of  the  physical  tests  obtainable,  the 
chemical  analysis  and  microstructure,  it  is  concluded  by  this  labo- 
ratory that  the  failure  of  these  barrels  was  due  to  the  metal  not 
having  sufficient  strength  to  withstand  the  service  stresses  to  which 
it  was  subjected. 

No  conclusions  are  drawn  in  regard  to  the  other  components 
examined.  The  results  as  found  are  given  in  the  body  of  this 
report. 

MATERIAL. 

The  material  investigated  was  from  three  United  States  rifles, 
caliber  .30,  model  of  1917,  Eddystone  Nos.  29110,  37596,  and 
44530.  The  barrel  of  each  of  these  rifles  was  the  component  which 
failed.    The  receiver,  bolt,  and  firing  pin  were  also  examined. 

EXPERIMENTAL. 

The  experimental  work  involved  physical  tests,  chemical  analysis, 
and  microscopic  examination.  Photographs  were  taken  which  snow 
the  condition  of  the  rifles  when  received  in  this  laboratory. 

Photograph  No.  3929  shows  the  barrel  of  rifle  No.  29110,  pho- 
tograph No.  3931  shows  the  barrel  of  rifle  No.  37596,  and  photo- 
graph No.  3932  shows  the  barrel  of  rifle  No.  44530. 
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Physical  Tests. 


Static  tensile  test. — One  static  tensile  test  specimen  0.2530  inch 
diameter  and  having  a  2-inch  gauge  length  was  obtained  from 
rifle  No.  29110.     The  results  of  this  test  are  shown  below. 


Static  tensile  test. 


1 

Specimen. 

Yield 

point 

(pounds 

per  square 

inch). 

60,000 

Tensile 

strength 

(pounds 

per  square 

inch). 

102,000 

Elonga- 
tion (per 
cent). 

Contrac- 
tion of 

area 

(per 
cent). 

Rifle  barrel  No.  29110. . . 

21 

€0 

Charpy  impact  tests. — Two  Charpy  specimens  were  obtained  from 
the  barrel  of  rifle  No.  29110  and  gave  an  average  value  of  311  foot- 
pounds per  square  inch.  The  condition  of  the  other  two  barrels 
was  such  as  to  render  it  practically  impossible  to  secure  reliable 
tensile  and  Charpy  specimens,  and  consequently  none  were  obtained 
for  test. 

Brinell  hardness  tests. — Hardness  tests  were  made  oy  the  Brinell 
method  on  specimens  from  each  of  these  barrels.  The  average  of 
two  tests  taken  on  each  is  given  below. 


Barrel  from 
rifle  No  — 

Brinell 
hardness. 

29110 
37596  / 
44530 

192 
197 
220 

Chemical  Analysis. 


The  composition  of  the  parts  of  these  rifles,  as  determined  in 
this  laboratory,  is  shown  in  the  table  below. 


C. 

Mn. 

Per  cent. 
1.06 
.54 
.57 

RIFLE 

NO.  29110. 

Si. 

S. 

P. 

Ni. 

Cr. 

Cu. 

Barrel 

Per  cent. 
0.45 
.36 
.376 

Per  cent. 
0.169 
.105 
.143 

Per  cent. 
0.074 
.032 
.031 

Per  cent. 
0.069 
.023 
.017 

Percent. 
0.22 
3.79 
3.42 

Percent. 
0.18 
.12 
.12 

Percent. 
0.14 
.03 
.082 

Bolt 

Receiver 

RIFLE  NO.  3759 

6. 

Barrel 

0.52 
.32 
.42 

1.23 
.59 

0.222 

.188 
.126 

0.054 
.029 
.032 

0.073 
.058 
.016 

0.25 
3.40 
3.42 

0.10 

Bolt 

.17 

RIFLE 

NO.  44530. 

Barrel 

0.50 
.36 

1.18 
.68 

0.291 
.120 

0.051 
.030 

0.052 
.015 

0.14 
3.68 

0.06 
.25 
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The  sulphur  and  phosphorus  content  of  the  barrel  from  rifle  No. 
39110  is  sufficiently  high  to  produce  serious  effects  when  segregated, 
as  the  phosphorus  is  shown  to  be  in  the  photomicrographs  herein 
attached.  The  same  is  true  of  the  phosphorus  in  the  barrel  from 
rifle  No.  37596.  Both  sulphur  and  pnospnorus  are  somewhat  lower 
in  the  barrel  of  rifle  No.  44536,  but  the  phosphorus  is  in  the  banded 
condition. 

Microscopic  Examination,  Rifle  No.  29110. 

RIFLE  NO.  29110. 

Barrel. — Photograph  No.  3929  shows  the  condition  of  the  barrel 
from  this  rifle  when  received  in  this  laboratory.  Longitudinal  sec- 
tions were  prepared  for  microscopical  examination  from  the  muzzle 
end,  the  breech  end,  and  from  the  central  portion  of  the  barrel.  The 
structure  was  found  to  be  the  same  at  all  the  locations.  Micrograph 
No.  3933,  at  50  diameters,  shows  the  structure  depicted  by  etching 
with  4  per  cent  nitric  acid.  Several  streaks  low1  in  carbon  are  shown 
as  well  as  evidence  of  considerable  cold  working.  Micrograph  No. 
3934,  at  500  diameters,  is  an  enlargement  of  micrograph  No.  3933. 
This  shows  the  sorbitic  character  of  tne  constituent  containing  carbon, 
together  with  free  ferrite  and  a  small  nonmetaLlic  inclusion.  Micro- 
graph No.  3935,  at  500  diameters,  shows  the  metal  in  the  unetched 
condition.  Large  elongated  nonmetallic  inclusions,  presumably 
slag,  are  shown. 

Micrograph  No.  3936,  at  50  diameters,  shows  the  structure  resulting 
from  etching  with  Stead's  reagent.  Very  distinct  phosphorus  band- 
ing is  shown.  Such  banding  as  this  is  a  cause  of  great  weakness  in 
the  transverse  direction. 

Receiver. — The  receiver  of  this  rifle  was  brightened  with  emery 
cloth  and  etched  with  nitric  acid.  Both  ends  blackened  with  this 
treatment  while  the  central  portion  remained  light.  Photograph  No. 
3930  shows  this  very  clearly.  The  Hne  of  demarcation  between  the 
light  central  portion  and  the  dark  ends  is  very  distinct.  Both  ends 
of  this  receiver  had  evidently  been  quenched  to  a  depth  show5n  by 
the  blackened  portion  in  the  photograph.  Microsections  were  pre- 
pared from  locations  which  disclose  the  structure  found  at  both  the 
ends  and  the  central  portion.  Micrograph  No.  3937,  at  50  diameters, 
represents  the  structure  found  at  both  ends  of  the  receiver  after 
etching  with  4  per  cent  nitric  acid.  The  structure  is  very  fine,  with  a 
slight  tendency  toward  ferrite  banding.  The  same  structure  magni- 
fied 500  diameters  is  shown  in  micrograph  No.  3938.  At  this  mag- 
nification a  small  amount  of  free  ferrite  is  shown  in  the  light  streaks 
and  the  carbon  containing  constituent  is  troosto-sorbite.  The  transi- 
tion in  structure  which  is  shown  in  photograph  No.  3930  is  also  shown 
at  a  magnification  of  50  diameters  after  etching  with  4  per  cent  nitric 
acid,  in  micrograph  No.  3939.  The  central  portion  oi  the  receiver 
was  not  affected  by  the  quenching  of  the  ends.  This  is  shown  by  the 
microstructure  brought  out  by  etching  with  nitric  acid,  and  is  clearly 
shown  in  micrograph  No.  3940  at  500  diameters.  Free  ferrite  and 
pearlite  compose  tne  structure. 

Bolt. — The  bolt  of  this  rifle  was  etched  with  4  per  cent  nitric  acid 
for  microscopic  examination  after  brightening  the  surface  with  emery 
cloth,  but  no  local  heat  treatment  was  shown  by  this  examination. 
Sections  were  then  prepared  for  microscopic  examination.    In  the 
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unetched  condition  of  the  surface  examined  no  slag  or  other  non- 
metallic  inclusions  were  found.  By  etching  with  4  per  cent  nitrlic  acid 
a  very  fine  structure  was  developed  which  is  shown  in  micrograph 
No.  3943  at  50  diameters.  An  enlargement  of  this  s  true  tin  e  is  shown 
in  micrograph  No.  3944  at  500  diameters.  This  shows  the  structure 
to  be  troosto-sorbitic  with  the  outline  of  the  original  martensite  pro- 
duced by  quenching  still  existing. 

Firing  pin. — The  firing  pin  was  brightened  with  emery  cloth  and 
etched  with  4  per  cent  nitric  acid  for  microscopic  examination,  and 
this  showed  the  forward  end  darkened  for  a  distance  of  about  J  inch 
from  the  point.     The  rear  end  behaved  similarly  and  blackened  for 
about    1}    inches.    The   central   portion   remained   much   lighter. 
Microsections  were  then  prepared  for  the  study  of  the  different  struc- 
tures.   Unetched,  the  metal  proved  to  be  clean  and  free  from  non- 
metallic  inclusions.    Micrograph  No.  3945,  at  50  diameters,  shows 
the  structure  after  etching  with.  4  per  cent  nitric  acid  at  the  forward 
end  (or  striker)  which  darkened  when  etched  macroscopicaUy.     The 
structure  is  very  fine  and  represents  that  of  a  quenched  and  drawn 
steel.    This  is  more  clearly  shown  in  micrograph  No.  3946,  at  500 
diameters,  which  is  an  enlargement  of  micrograph  No.  3945.     The 
structure  is  decidedly  sorbitic.    Micrograph  No.  3947,  at  50  diameters, 
shows  the  structure  in  the  lighter  portion,  about  1  inch  lrom  the  for- 
ward end.     This  also  shows  a  very  fine  structure  and  a  careful  com- 
parison is  necessary  to  distinguish  much  difference  between  this 
structure  and  that  shown  in  micrograph  No.  3945.     However,  at 
higher  magnification  the  difference  in  structure  is  quite  marked. 
Micrograph  No.  3952,  at  500  diameters,  is  an  enlargement  of  No.  3947, 
and  when  compared  with  micrograph  No.  3946  a  great  contrast  is 
evident.    The  neat  treatment  which  produced  the  structures  here 
shown  is  not  definitely  known,  but  it  is  believed  that  the  structure 
shown,  in  micrograph  No.  3952,  at  500  diameters,  is  the  result  of 
prolonged  heating  at  a  temperature  in  the  vicinity  of  the  critical 
range,  and  that  the  ends  were  afterwards  heated  in  a  molten  bath 
and  quenched,  after  which  the  whole  piece  was  probably  drawn. 

RIFLE  NO.  37500. 

Barrel. — Photograph  No.  3931  shows  the  condition  of  the  bairel  of 
rifle  No.  37596  when  received  in  this  laboratory.  After  photograph- 
ing it  in  this  condition  suitable  specimens  were  prepared  for  micro- 
scopic examination.  Micrograph  No.  3954,  at  50  diameters,  shows  a 
longitudinal  section  etched  with  4  per  cent  nitric  acid.  Very  little 
cola  work  effect  is  seen  here.  There  is  a  tendency  of  the  ferrite 
toward  banding.  Micrograph  No.  3955,  at  500  diameters,  is  a  more 
highly  magnified  view  of  the  structure  shown  in  No.  3954,  at  50 
diameters.  Here  the  sorbitic  character  of  the  constituent  containing 
carbon  together  with  free  ferrite  is  seen.  The  specimen  was  repolished 
and  etched  with  Stead's  reagent.  The  structure  shown  in  micro- 
graph No.  3956,  at  50  diameters,  was  developed  by  this  etching.  A 
hi§h  degree  of  phosphorus  banding  is  shown  to  exist.  The  banding 
is  in  every  way  similar  to  that  found  in  the  barrel  of  rifle  No.  29110, 
and  shown  in  micrograph  No.  3936. 

Receiver. — The  receiver  of  this  rifle  was  in  every  way  similar  to  that 
of  rifle  No.  291 10.    Microscopic  etching  showed  the  same  evidence  of 
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the  two  ends  having  been  quenched.  Micrograph  No.  3957,  at  50 
diameters,  shows  a  longitudinal  section  of  the  central  portion  of  the 
receiver  after  etching  with  4  per  cent  nitric  acid.  The  structure 
is  comparatively  fine  and  the  ferrite  is  slightly  banded.  Micrograph 
No.  3958,  at  500  diameters,  is  an  enlargement  of  micrograph 
No.  3957.  This  shows  free  ferrite,  sorbite,  and  pearlite.  Micro- 
graph No.  3960,  at  500  diameters,  shows  the  structure  after  etching 
with  nitric  acid,  at  either  end  of  the  receiver  which  had  been  quenched. 
The  structure  is  very  finely  troosto-sorbitic.  An  insignificant  non- 
metallic  inclusion  is  also  shown  near  the  center  of  this  micrograph. 

B6U. — The  structure  of  the  bolt  from  this  rifle  is  shown  at  500  diam- 
eters after  etching  with  4  per  cent  nitiric  acid  in  micrograph  No. 
2962.  The  structure  is  troosto-sorbitic  with  a  small  amount  of  free 
ferrite.  Etching  with  Stead's  reagent  revealed  nothing  of  im- 
portance. 

Firing  pin. — The  firing  pin  of  this  rifle  was  practically  the  same  in 
every  respect  as  that  examined  from  rifle  No.  29110.  The  forward 
end  and  rear  end  darkened  when  etched  microscopically,  and  the 
microstructure  was  similar  in  all  locations  to  that  found  in  the  corres- 

Smding  locations  of  the  firing  pin  from  rifle  No.  29110.  Micrograph 
o.  3963,  at  500  diameters,  shows  the  structure  found  at  the  quenched 
ends,  while  micrograph  No.  3964,  at  500  diameters,  shows  the  struc- 
ture at  the  central  portion.  Both  were  taken  of  specimens  which 
were  etched  with  4  per  cent  nitric  acid. 

Rifle  No.  44530. 

Barrel. — The  condition  of  the  barrel  of  rifle  No.  44530  when  re- 
ceived in  this  laboratory  is  shown  in  photograph  No.  3932.  Micro- 
scopic examination  of  this  barrel  showed  tne  structure  to  be  pre- 
cisely the  same  as  that  found  in  the  other  two  rifles.  Only  one 
micrograph  was  taken  of  this  barrel  which  was  to  show  that  even 
though  the  phosphorus  was  relatively  low  in  this  barrel,  it  was  in  the 
banded  condition.  This  is  shown  in  micrograph  No.  3965,  at  50 
diameters. 

Receiver.— The  receiver  of  this  rifle  was  in  every  way  like  those 
previously  discussed  in  this  report. 

BoU  arid  firing  pin. — The  bolt,  and  consequently  the  firing  pin,  of 
this  rifle  were  not  attached  to  the  rifle  when  received  in  this  laboratory. 
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BBOKEV  BOLT   FROM   .45   CALIBER  ACCURACY   GOT. 

OBJECT. 

The  object  of  this  investigation  was  to  determine  the  cause  of 
failure  of  this  bolt  which  fractured  at  the  forward  end  where  it  comes 
in  contact  with  the  base  of  the  cartridge. 


CONCLUSIONS. 

It  is  the  conclusion  of  the  metallurgical  department  of  this  arsenal 
that  the  cause  of  failure  of  this  bolt  was  due  to  excessive  hardness, 
accompanied  by  brittleness  of  the  metal.  This  is  evidenced  by  both 
the  microstructure  which  indicates  a  hard  and  brittle  metal,  and  by 
the  actual  Brinell  tests.  The  cause  of  the  excessive  hardness  was  due 
to  the  fact  that  after  quenching  the  bolt  was  not  properly  drawn. 

MATERIAL. 

The  material  investigated  was  one  bolt  from  the  .45  caliber  accuracy 
gun  which  was  submitted  by  the  Frankford  Arsenal. 

EXPERIMENTAL. 

The  experimental  work  involved  chemical  analysis,  microscopic 
examination,  and  Brinell  hardness  tests. 

Chemical  Analysis. 

The  results  of  the  chemical  analysis  are  as  follows : 

Chemical  composition. 


c. 

Mil 

Si. 

8. 

P. 

Ni. 

Cr. 

Co. 

Percent. 
0.35 

Per  cent. 
1.12 

Percent. 
0.094 

Percent. 
0.026 

Percent. 
0.047 

Percent. 
Nome. 

Percent. 
a  08 

Percent, 
0.30 

The  chemical  specifications  for  steel  for  this  type  of  bolt  are  not 
known  to  this  arsenal,  but  it  complies  with  "C"  steel  as  specified 
in  Form  No.  528,  July  1,  1916,  under  which  it  is  presumed  this  bolt 
was  manufactured,  except  for  a  small  amount  of  chromium  and  0.20 
per  cent,  copper. 

Microscopic  Examination. 

Before  cutting  up  the  bolt  to  prepare  specimens  for  microscopic 
examination,  it  was  made  bright  with  fine  emery  paper  and  etched 
with  nitric  acid.  No  local  heat  treatment  was  shown  by  this  pro- 
cedure. Microscopic  examination  was  made  of  the  forward  end  of 
the  bolt,  at  the  central  portion,  and  of  the  knob.   The  metal  was  too 
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hard  to  be  cut  with  a  saw  or  file  and  an  abrasive  cutting  disk  was  used 
to  prepare  suitable  specimens  for  miscrocopic  examination.  In 
order  to  procure  the  sample  for  chemical  analysis  a  small  portion  of 
the  bolt  wa3  annealed.  Examination  of  the  metal  in  the  unetched 
condition  and  also  after  being  etched  with  Stead's  reagent  revealed 
nothing  of  importance. 

Micrograph  No.  4368,  at  50  diameters,  shows  the  forward  end  which 
rests  against  the  cartridge  after  being  etched  in  4  per  cent  nitric  acid. 
This  bolt  has  been  casehardened  and  the  case  is  easily  distinguished 
in  this  micrograph.  The  metal  is  slightly  streaked  in  the  longitudinal 
direction.  Micrograph  No.  4369,  at  500  diameters,  also  after  etching 
with  4  per  cent  nitric  acid,  is  an  enlargement  of  one  of  the  streaks 
shown  in  micrograph  No.  4368.  This  shows  free  ferrite  to  be  the 
light  constituent  associated  with  troosto-martensite.  Micrograph  No. 
4370,  at  500  diameters,  reveals  more  clearly  the  martensitic  structure. 
This  structure  is  characteristic  of  a  very  hard  and  brittle  steel  and 
was  found,  together  with  the  structure  shown  in  micrograph  No. 
4369,  to  be  present  in  all  parts  of  the  bolt  examined.  One  may 
therefore  conclude  that  the  Brinell  hardness  value  would  be  ap- 
proximately the  same  at  all  the  locations  were  it  possible  to  make 
such  tests.  The  objectionable  structure  is  the  result  of  quenching 
without  subsequent  drawing  and  would  have  been  avoided  if  the 
bolt  had  received  the  proper  tempering  treatment. 

Brinell  Hardness. 

Two  Brinell  hardness  tests  were  made  on  the  knob  of  this  bolt. 
One  reading  was  obtained  from  the  center  and  the  other  from  near 
the  outside.    The  results  were  as  follows: 

Hardness  at  center  of  knob.. 341 

Hardness  near  outside  of  knob 402 

The  greater  hardness  near  the  outside  is  no  doubt  due  to  the  case- 
hardening  previously  referred  to. 
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SUPPLEMENTARY  EEPOET  OS  BBOKEff  BOLT  FBOM  .45  CALI- 

BEB  AGCXTBACT  GUU. 

OBJECT. 

The  object  of  this  investigation  was  to  determine  the  cause  of  failure 
of  this  bolt,  which  fractured  at  the  forward  end.  This  is  the  second 
bolt  received  in  connection  with  this  letter.  The  first  bolt  was 
received  some  time  ago  and  reported  on  in  experimental  report 
No.  111. 

CONCLUSIONS. 

It  is  the  conclusion  of  the  metallurgical  department  at  this  arsenal 
that  the  cause  of  the  failure  of  this  bolt  is  identical  with  that  which 
produced  the  failure  of  the  first  bolt,  namely,  excessive  hardness, 
accompanied  by  brittleness,  of  the  metal.  The  cause  of  this  hardness 
was  due  to  the  bolt  having  been  quenched  and  not  subsequently 
drawn  at  a  proper  temperature. 

MATERIAL. 

"  9 

The  material  investigated  was  a  bolt  from  a  .45-caliber  accuracy 
gun  which  was  submitted  by  the  Frankford  Arsenal. 

EXPERIMENTAL. 

The  experimental  work  involved  chemical  analysis,  microscopic 
examination,  and  Brinell  hardness  tests. 

Chemical  Analysis. 

The  chemical  analysis  of  this  bolt  revealed  the  following  composi- 
tion: 

Per  cent. 

Carbon 0.34 

Manganese 1. 08 

Silicon 099 

Sulphur 046 

Phosphorus 05 

Copper 147 

No  nickel  or  chromium  was  present. 

Microscopic  Examination. 

Before  cutting  up  for  microscopic  examination  this  bolt  was  bright- 
ened with  emery  paper  and  etched  with  4  per  cent  nitric  acid.  No 
local  heat  treatment  was  shown  by  this  method.  Microscopic 
examination  was  made  of  the  forward  end  and  the  central  portion 
and  of  the  knob  of  this  bolt.    The  metal  was  too  hard  to  be  cut  with 
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a  saw,  and  consequently  an  abrasive  cutting  disk  was  used  in  prepar- 
ing suitably  shaped  specimens  for  examination.  Examination  of  the 
different  specimens  snowed  the  metal  to  be  uniform  in  structure  at 
all  the  different  locations.  Examination  after  etching  with  Stead's 
reagent  did  not  reveal  anything  of  importance. 

Micrograph  No.  3948,  at  500  diameters,  shows  the  structure  near 
the  forward  end  after  etching  with  4  per  cent  nitric  acid.  This  struc- 
ture is  seen  to  be  very  similar  to  that  found  in  the  bolt  previously 
examined.  Micrograph  No.  3949,  at  500  diameters,  shows  the  struc- 
ture near  the  central  portion  of  this  bolt,  and  is  practically  the  same  as 
No.  3948,  except  that  No.  3948  was  taken  on  a  streak  and  shows  a 
little  free  ferrite.  The  martensitic  character  of  the  structure  in 
No.  3949  indicates  at  once  very  hard  and  brittle  metal,  and  is  very 
similar  to  the  first  bolt  examined. 

. 
Beinell  Hardness  Tests. 

Two  Brinell  hardness  readings  were  obtained  on  the  knob  of  this 
bolt  and  both  gave  the  value  of  352. 
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INVESTIGATION   OF   UNITED   STATES   EI  FIE,   CALIBER   .30, 

MODEL   OF   1917,  NO.  62632. 

OBJECT. 

The  object  of  this  investigation  was  to  determine  the  cause  of 
failure  of  this  rifle.  The  barrel  burst  by  parting  longitudinally  almost 
its  entire  length.  The  bolt,  receiver,  and  firing  pin  were  also  examined 
in  order  to  compare  the  qualities  of  these  components  with  those 
found  in  the  corresponding  parts  of  other  rifles  which  failed. 

CONCLUSIONS. 

It  is  concluded  that  the  failure  of  this  barrel  was  due,  in  part  at 
least,  to  defective  material.  The  yield  point,  as  determined  oy  the 
static  tensile  test  in  the  longitudinal  direction,  was  below  that 
required  in  the  specifications,  and  owing  to  Jbhe  streaked  condition 
of  the  metal  it  is  believed  to  have  less  strength  in  the  transverse 
direction.  The  phosphorus,  while  not  so  high  as  in  some  rifles 
previously  investigated,  is  sufficiently  high  to  be  very  harmful 
when  in  the  banded  condition  as  shown  in  micrograph  No.  3918. 

MATERIAL. 

The  material  investigated  was  from  a  United  States  rifle,  model  of 
1917,  No.  62632.  The  Darrel  was  the  only  part  which  failed,  but  the 
receiver,  bolt,  and  firing  pin  were  also  investigated. 

EXPERIMENTAL. 

A  photograph  was  taken  of  the  rifle  showing  its  condition  as 
received  in  this  laboratory.    This  is  shown  in  photograph  No.  3915. 

Chemical  Analysis. 


Chemical  analvsis  was  made  of  the  barrel,  receiver,  and  bolt, 
composition  of  these  components  is  given  in  the  table  below. 


The 


C 

Nn. 

Si. 

s. 

P. 

Ni. 

Cr. 

Barrel 

Per  cent. 
0.508 
.42 
.358 

Per  cent. 
1.46 
.66 
.58 

Per  cent. 
0.240 
.180 
.160 

Percent. 
0.068 
.042 
.042 

Per  cent. 
0.066 
.031 
.030 

Percent. 
0.14 
2.72 
2.89 

Percent. 
a  14 
.27 
.24 

Receiver 

Bolt 

The  manganese  of  the  barrel  is  seen  to  be  somewhat  higher  than  is 
usually  found. 
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Physical  Tests. 

Physical  tests  were  made  on  the  barrel  only,  and  include  Brinell 
hardness  tests,  Charpy  tests,  and  one  static  tensile  test.  The  results 
of  these  tests  are  shown  below. 

8TATTC  TENSILE  TESTS. 

Yield  point 62,000  pounds  per  square  inch. 

Tensile  strength 102,000  pounds  per  square  inch. 

Elongation •. 20  per  cent. 

Contraction 56  per  cent. 

This  test  shows  the  metal  to  have  a  yield  point  of  62,000  pounds 
er  square  inch  in  the  longitudinal  direction.  This  is  considerably 
ess  than  is  required  in  the  specifications,  and  owing  to  the  streaked 
condition  of  the  barrel,  whicn  will  be  shown  later,  it  is  believed  that 
the  physical  properties  in  the  transverse  direction  are  greatly  inferior 
to  those  in  the  longitudinal  direction.  In  consideration  of  the  pressure 
developed  in  using  the  normal  ammunition,  it  seems  that  there  is  a 
very  low  factor  of  safety  in  a  barrel  when  the  yield  point,  as  shown 
by  a  test  taken  in  the  most  favorable  direction,  is  only  62,000  pounds 
per  square  inch. 

CHARPY  TESTS. 

Two  Charpy  specimens  were  secured  from  the  breech  end  of  this, 
barrel  and  gave  an  average  value  of  150  foot-pounds  per  square  inch. 

BRINELL  HARDNESS  TESTS. 

Two  Brinell  hardness  tests  were  taken  from  the  barrel  and  gave  an 
average  value  of  200. 

Microscopic  Examination. 

Barrel. — Microscopic  examination  was  made  of  specimens  taken 
from  the  barrel  in  the  longitudinal  direction.  In  the  unetched  condi- 
tion, the  metal  was  found  to  contain  a  number  of  rather  insignificant 
nonmetallic  inclusions.  There  was  not  a  sufficient  number  of  these 
to  affect  materially  the  strength  of  the  barrel.  Micrograph  No.  3916, 
at  50  diameters,  shows  a  longitudinal  section  of  the  barrel  after 
etching  with  4  per  cent  nitric  acid.  The  structure  is  seen  to  be  rather 
fine  and  there  is  little  evidence  of  cold  work.  Micrograph  No.  3917, 
at  500  diameters,  is  a  higher  magnification  of  the  structure  shown  in 
micrograph  No.  3916.  There  is  little  evidence  of  cold  work.  The 
structure  consists  chiefly  of  sorbite  and  ferrite.  One  of  the  small 
nonmetallic  inclusions  previously  referred  to  is  also  shown.  Micro- 
graph No.  3918,  at  50  diameters,  shows  a  longitudinal  section  of 
the  barrel  after  etching  with  Stead's  reagent.  This  shows  a  high 
degree  of  phosphorus  banding.  In  view  of  the  extremely  banded 
condition  of  this  barrel  it  is  believed  that  the  physical  properties  in 
the  transverse  direction,  as  previously  stated,  are  very  inferior  to 
those  in  the  longitudinal  direction,  and  since  the  properties  in  the 
longitudinal  direction  do  not  meet  the  specifications,  it  seems  positive 
that  the  cause  of  failure  of  this  barrel  was  due  to  weakness  in  the 
transverse  direction. 

Receiver. — Before  cutting  up  the  receiver  for  microscopic  examina- 
tion it  was  brightened  carefully  with  emery  paper  and  etched  over 
the  entire  surface  with  4  per  cent  nitric  acid.     This  showed  a  marked 
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difference  in  structure  between  the  ends  and  the  central  portion. 
Both  ends  blackened  readily  with  this  etching,  while  the  central 
portion  remained  light  in  color.  The  line  of  demarcation  between 
the  light  and  the  dark  portions  was  very  sharp.  Specimens  were 
taken  for  microscopic  examination  which  show  both  of  the  structures 
brought  out  by  macroscopic  etching.  Micrograph  No.  3919.  at  500 
diameters,  shows  a  longitudinal  section  of  the  receiver  near  the  front 
end.  This  shows  a  very  fine  sorbitic  structure  together  with  a  few 
minute  nonmetallic  inclusions.  This  portion  was  not  photographed 
at  50  diameters  because  the  structure  was  so  exceedingly  fine  that 
nothing  of  importance,  was  shown  at  this  magnification.  The  central 
portion  possessed  a  structure  entirely  different  from  that  of  the  end 
and  is  shown  in  micrograph  No.  3920  at  50  diameters.  This  shows  a 
considerable  amount  of  free  ferrite.  Micrograph  No.  3921,  at  500 
diameters,  shows  more  clearly  the  structural  constituents,  free  ferrite 
and  the  constituents  containing  carbon,  which  seem  to  be  sorbitic, 
together  with  pearlite,  compose  the  structure.  One  micrograph  was 
taken  of  the  rear  end  of  this  receiver  which  had  also  been  quenched 
in  order  to  compare  this  structure  with  that  of  the  forward  end. 
Micrograph  No.  3922,  at  500  diameters,  shows  the  structure  here 
found.    All  of  these  were  brought  out  by  nitric  acid  etching. 

Bolt. — Micrograph  No.  3927,  at  50  diameters,  shows  the  longi- 
tudinal section  of  the  bolt  after  etching  with  4  per  cent  nitric  acid. 
The  structure  here  is  very  fine  and  resembles  closely  that  which  was 
found  in  the  two  ends  of  the  receiver.  Micrograph  No.  3928,  at  500 
diameters,  is  a  higher  magnification  of  the  structure  shown  in  micro- 
graph No.  3927. 

Firing  pin.— The  firing  pin  was  brightened  over  its  entire  surface 
and  etched  with  4  per  cent  nitric  acid  before  being  cut  up  for  micro- 
scopic examination.  A  differential  heat  treatment  had  also  been 
given  this  component.  The  forward  end  blackened  for  a  distance  of 
about  J  inch  from  the  point,  and  the  rear  end  blackened  for  about 
1  inch.  Specimens  were  then  taken  for  microscopic  examination  so 
located  as  to  reveal  the  two  types  of  structure.  Micrograph  No. 
3923,  at  50  diameters,  shows  a  longitudinal  section  of  the  forward 
(or  striker)  end,  after  etching  with  4  per  cent  nitric  acid.  The  struc- 
ture is  seen  to  be  very  fine.  Micrograph  No.  3924,  at  500  diameters, 
is  a  more  highly  magnified  view.  The  structure  here  seems  to  be 
sorbitic  with  a  small  amount  of  free  ferrite.  Micrograph  No.  3925, 
at  50  diameters,  shows  a  longitudinal  section  of  the  forward  (or 
striker)  end  about  1  inch  from  the  point.  This  was  in  the  light  por- 
tion shown  by  the  macroscopic  etching  previously  referred  to.  The 
structure  is  seen  to  be  very  fine  and  of  an  altogether  different  nature 
from  that  shown  in  micrograph  No.  3923,  in  which  the  cementite  is 
in  the  spherodized  condition.  Micrograph  No.  3926,  at  500  diameters, 
shows  a  higher  magnification  of  No.  3925,  and  the  difference  between 
the  two  structures  is  very  distinct  when  the  micrograph  is  compared 
with  No.  3924. 

Normalizing  the  firing  pin  by  heating  to  1,000°  C.  and  slowly  cool- 
ing in  the  furnace  gives  a  uniform  structure  as  regards  the  distribu- 
tion of  carbon  over  the  entire  surface,  and  shows  conclusively  that 
the  difference  in  structure  shown  in  the  micrographs  is  due  entirely 
to  differential  heat  treatment.  The  structure  after  normalizing  had 
the  appearance  of  a  steel  containing  about  0.65  to  0.75  per  cent 
carbon. 
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EXAMINATION  OF  .45  CALIBER  REVOLVER,  MODEL  OF  1917. 


OBJECT. 


The  object  of  this  investigation  was  to  determine  the  cause  of 
failure  of  this  revolver.  Part  of  the  cylinder  and  the  portion  of  the 
frame  immediately  above  the  cylinder  were  blown  away. 


CONCLUSIONS. 

It  is  the  conclusion  of  this  laboratory  that  the  metal  of  which  the 
cylinder  of  this  revolver  was  made  is  very  undesirable  material  for 
this  purpose.  The  cylinder  was  streaked  badly  in  the  longitudinal 
direction  and  contained  numerous  slag  inclusions.  This  set  of  con- 
ditions is  very  undesirable  for  material  which  receives  transverse 
stresses  in  service.  The  maximum  stress  which  this  metal  must 
withstand  in  service  is  not  known  to  this  laboratory,  and  the  strength 
of  the  metal  as  determined  by  the  ordinary  methods  of  testing  could 
not  be  ascertained.  Owing  to  the  streaked  condition  of  the  barrel 
and  the  slag  inclusions  present  it  is  believed  that  the  failure  of  this 
cylinder  was  due  to  defective  metal  which  resulted  in  undue  weakness 
in  the  transverse  direction. 

MATERIAL. 

The  material  investigated  consisted  of  parts  from  a  .45  caliber 
double-action  revolver  which  exploded  at  Camp  Forrest,  Ga.  In  the 
correspondence  accompanying  this  revolver  it  was  stated  that  the 
"  top  of  the  barrel  was  blown  away  from  the  rear  sight  to  the  hammer." 
This  component  is  a  part  of  the  frame  into  which  the  barrel  is  secured. 
The  barrel  of  this  revolver  was  in  no  wav  injured.  Photograph  No. 
3979  shows  the  condition  of  this  revolver  when  received  at  this 
laboratory. 

EXPERIMENTAL. 

The  experimental  work  involved  chemical  analysis  and  micro- 
scopic examination  of  the  frame,  cylinder,  and  barrel. 

Chemical  Analysis. 

Chemical  analysis  was  made  of  the  barrel,  frame,  and  cylinder. 
The  composition  of  these  components  is  given  in  the  table  below. 


- 

C. 

Mn. 

Si. 

S. 

P. 

NL 

Cr. 

Barrel 

Percent. 
0.20 
.12 
.63 

Per  cent. 
0.78 
.96 
1.04 

Percent. 
Trace. 
Trace. 
0.226 

Percent. 
0.065 
.052 
.054 

Percent. 
0.067 
.084 
.057 

Percent. 
None. 
None. 
0.48 

Per  cent. 
None. 
None. 
None. 

Frame 

fiyllnder 

Microscopic  Examination. 


Cylinder. — The  cylinder  was  cut  in  two  longitudinally  and  the 
surfaces  thus  exposed  were  polished  ^or  microscopic  examination. 
In  the  unetched  condition  numerous  slag  inclusions  were  found. 


57 


58  INVESTIGATIVE  TESTS. 

They  were  greatly  elongated  in  the  longitudinal  direction  of  the 
cylinder.  One  of  these  inclusions  is  shown  in  micrograph  No.  3984 
at  500  diameters.  Etching  with  4  per  cent  nitric  acid  depicts  the 
structure  shown  in  micrograph  No.  3985  at  50  diameters.  This  is 
a  comparatively  fine  structure  and  a  small  amount  of  free  ferrite 
exists  around  the  grain  boundaries.  Micrograph  No.  3986,  at  500 
diameters,  shows  the  same  structure  as  No.  3985,  only  magnified 
more  highly.  At  this  magnification  the  arrangement  of  the  con- 
stituents is  more  clearly  shown.  Free  ferrite  is  seen  to  inclose  the 
grains  of  pearlite.  After  examining  the  specimens  etched  with 
nitric  acid  they  were  repolished  ana  etched  with  Stead's  reagent. 
This  etching  revealed  the  presence  of  very  pronounced  phosphorus 
hands.  These  hands  extend  in  the  longitudinal  direction  of  J,he 
cylinder.  Micrograph  No.  3987,  at  50  diameters,  shows  the  phos- 
phorus bands  above  referred  to.  Such  bands  greatly  reduce  the 
strength  of  the  metal  in  the  transverse  direction,  and  the  ductility 
is  also  reduced  to  a  minimum  in  the  transverse  direction.  In  other 
words,  metal  which  is  so  badly  streaked  in  the  longitudinal  direction 
as  this  cylinder  is  shown  to  be,  has  very  inferior  properties  in  the 
transverse  direction.  The  maximum  stress  to  which,  this  metal 
must  necessarily  be  subjected  in  service  is  not  known  to  this  labora- 
tory, but  in  consideration  of  the  presence  of  many  slag  inclusions 
and  phosphorus  bands  it  may  be  stated  positively  that  such  metal 
is  very  undesirable  for  use  in  parts  whose  proper  functioning  is  as 
important  as  that  of  the  cylinder  of  a  revolver. 

Frame. — The  portion  of  the  frame  immediately  above  the  cylin- 
der was  torn  away  when  the  cylinder  exploded.  Specimens  were 
prepared  for  microscopic  examination.  In  the  unetched  condition 
the  metal  was  seen  to  contain  a  number  of  nonmetallic  inclusions. 
This  is  shown  in  micrograph  No.  3988,  at  500  diameters.  Etching 
with  4  per  cent  nitric  acid  disclosed  the  structure  shown  in  micro- 
graph No.  3989,  at  50  diameters.  This,  shows  a  small  proportion  of 
carbide  distributed  in  a  larger  proportion  of  free  ferrite.  The  same 
structure  at  higher  magnification  is  shown  in  micrograph  No.  3990, 
at  500  diameters.  The  greater  part  of  the  constituent  containing 
carbon  is  in  the  sorbitic  condition — in  some  locations  it  is  pearlitic. 
Although  the  phosphorus  percentage  is  shown  to  be  0.084  by  analysis, 
etching  with  Stead's  reagent  did  not  show  any  appreciable  amount 
of  segregation. 

Barrel. — Specimens  were  prepared  from  the  barrel  so  that  a  longi- 
tudinal section  was  exposed  for  microscopic  examination.  In  tne 
unetched  condition  the  metal  was  comparatively  free  from  non- 
metallic  inclusions.  Nitric  acid  etching  revealed  the  structure 
shown  in  micrograph  No.  3980,  at  50  diamet&s.  This  shows  the 
constituents  to  be  banded.  The  bands  are  in  the  longitudinal 
direction  of  the  barrel.  Micrograph  No.  3981,  at  500  diameters 
shows  the  structure  more  highly  magnified.  In  this  micrograph 
the  constituent  containing  carbon  is  shown  to  be  in  the  sorbitic 
condition.  The  banding  is  also  very  marked  in  this  micrograph. 
The  outside  of  the  barrel  was  found  to  be  higher  in  carbon  than  the 
central  portion.  This  is  shown  clearly  in  micrograph  No.  3982  at 
50  diameters,  which  was  taken  near  the  outside  edge.  Micrograph 
No.  3983,  at  500  diameters,  also  shows  the  edge  which  is  high  in 
carbon  when  compared  to  the  central  portion.  This  is  evident  when 
micrograph  No.  3983  is  compared  with  micrograph  No.  3981. 
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IHVESTIGATIOV  OF  TWO  TOITED  STATES  BIFLES,  GALIBEB 
.80,  MODEL  OF  1917,  HOS.  108282  AHD  100187,  WHICH  FAILED 
AT  CAMP  DODGE. 

OBJECT. 

The  object  of  this  investigation  was  to  determine  the  cause  of 
failure  of  these  rifles.  The  barrel  was  the  component  of  each  which 
failed. 

CONCLUSIONS. 

It  is  the  conclusion  of  the  metallurgical  department  of  this  arsenal 
that  the  cause  of  failure  of  these  barrels  was  due  to  the  metal  not 
possessing  sufficient  strength  in  the  transverse  direction  to  withstand 
the  service  stresses  to  which  it  was  subjected.  The  metal  is  shown 
to  be  very  decidedly  streaked  in  the  longitudinal  direction.  The 
static  tensile  tests  on  these  barrels  in  the  longitudinal  direction 
showed  the  yield  point  to  be  $2,000  and  60,000  pounds  per  square 
inch,  respectively,  and  in  consideration  of  the  streaked  condition 
of  the  metal  it  is  safe  to  state  that  the  physical  properties  in  the 
transverse  direction  are  decidedly  less  than  in  the  longitudinal 
direction.  The  phosphorus  percentage  was  0.065  and  0.066,  re- 
spectively, and  when  segregated,  as  it  is  shown  to  be  in  the  micro- 
graphs included  in  this  report,  it  produces  one  of  the  most  serious 
conditions  prevalent  in  steel  that  is  subjected  to  service  stresses, 
especially  those  suddenly  applied,  which  are  transverse  to  the  direc- 
tion of  the  streaks. 

EXPERIMENTAL. 

The  experimental  work  involved  chemical  analysis,  physical  tests, 
and  microscopical  examination.  The  barrels  were  also  photographed 
to  show  their  condition  when  received  in  this  laboratory. 

Photograph  No.  3971  shows  the  barrel  from  rifle  No.  108282  and 
photograph  No.  3972  shows  the  barrel  from  rifle  No.  100187. 

Chemical  Analysis. 

Chemical  analysis  was  made  on  each  of  these  barrels  and  the 
composition  is  given  in  the  table  below: 


Barrel  No.— 

C. 

Mn. 

Si. 

8. 

F. 

Ni. 

Cr. 

106382 

Percent. 
0.60 
.56 

Percent. 
1.15 
1.04 

Percent. 
0.164 
.240 

Percent. 
0.048 
.040 

Percent. 
0.065 
.066 

Percent. 
Trace. 
0.22 

Percent. 
0.28 
None. 

100187 
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Physical  Tests. 


STATIC  TENSILE  TESTS. 


One  static  tensile  test  specimen  0.2530  inch  diameter  and  2-inch 
gauge  length,  was  taken  from  each  of  these  barrels  and  when  tested 
gave  the  following  results: 


Barrel  N<n  — 

Yield  .point 
(pounds  per 
square  inch). 

Tensile 

strength 

(pounds  per 

square  inch). 

Elonga- 
tion (per 
cent). 

Contrac- 
tion (per 
cent). 

• 

108282 

62,000 
60,000 

101,800 
101,600 

24.5 
17.5 

67.0 
51.0 

100187 

These  longitudinal  te3ts  show  that  the  yield  point  of  each  barrel 
does  not  comply  with  the  specifications,  and  on  account  of  the 
streaked  condition  of  the  metal,  as  shown  later  in  the  micrographs 
of  this  report,  it  can  be  stated  conclusively  that  the  physical  prop- 
erties in  the  transverse  direction  are  much  lower. 


CHARPY  IMPACT  TE8T8. 


Two  Charpy  transverse  specimens  were  secured  from  the  breech 
end  of  each  parrel  and  gave  the  following  results  when  tested: 


Barrel  No.— 

Speci- 
men 
No.— 

Charpy 
value  (foot- 
pounds per 
square  inch 
absorbed). 

Average 
values  (loot- 
pounds  per 
square  inch). 

108282 

1 
2 
1 
2 

806 
340 
296 
309 

\        873 
}        303 

N. 

100187 

Both  barrels  show  a  good  average  value,  but  these  specimens 
were,  necessarily,  taken  m  the  longitudinal  direction  of  the  barrel. 
Were  it  possible  to  obtain  test  specimens  in  the  transverse  direction 
so  that  rupture  would  take  place  by  "parting"  along  the  streaks  in 
stead  of  " Dreaking"  across  them,  a  much  lower  value  would  be  ob- 
tained. Such  tests  have  been  made  in  this  laboratory  on  material 
similar  to  this  which  was  of  sufficient  size  to  obtain  specimens  in 
both  directions  and  streaks  or  bands  of  the  nature  shown  in  the 
accompanying  micrographs  proved  to  be  planes  of  weakness,  at 
which  the  metal  parts  under  impact,  in  many  cases  with  very  little 
resistance. 


BRINELL  HARDNESS  TE8T8. 


Two  Brinell  hardness  tests  were  made  on  each  barrel, 
readings  on  each  were  identical  and  were  as  follows: 


Both 


Barrel  No.  — 

Test 
No.— 

Brinell 
hardness. 

108282 

100187 

1 
2 
1 
2 

192 
192 
187 
187 
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Microscopic  Examination. 

Microscopic  examination  was  made  of  specimens  taken  from  each 
of  these  barrels.  Longitudinal  sections  were  examined.  In  the 
unetched  condition  a  few  small  nonmetallic  inclusions  were  visible, 
but  they  were  not  nearly  so  large  or  numerous  as  in  some  specimens 
previously  examined.  Etching  with  4  per  cent  nitric  acid  showed  the 
metal  of  both  barrels  to  have  been  cold  worked.  Micrograph  No. 
3973,  at  50  diameters,  shows  the  structure  of  the  barrel  from  rifle 
No.  108282  after  etching  with  nitric  acid.  Several  streaks  are  shown 
to  exist  and  the  cold  working  is  very  distinct.  Micrograph  No.  3974, 
at  500  diameters,  is  a  higher  magnification  of  the  structure  shown  in 
micrograph  No.  3973.  Tne  cold  working  is  clearly  shown  here  and  the 
structural  constituents  are  f errite  and*  sorbite.  The  specimens  were 
repolished  and  etched  with  Stead's  reagent.  This  etching  revealed 
very  distinct  phosphorus  bands.  Micrograph  No.  3975,  at  50  diame- 
ters, shows  the  structure  depicted  by  this  etching  reagent  on  a  speci- 
men from  barrel  No.  108282.  Specimens  examined  from  barrel 
No.  100187  showed  the  same  characteristic  structure  as  those  from 
No.  108282.  Micrograph  No.  3976,  at  50  diameters,  shows  the  struc- 
ture after  etching  with  4  per  cent  nitric  acid.  This  shows  a  little  less 
cold  working  than  barrel  No.  108282.  The  structure  is  shown  at 
higher  magnification  in  micrograph  No.  3977,  at  500  diameters. 
Sorbite  ana  ferrite  are  at  once  recognized  as  the  chief  constituents 
and  a  few  small  slag,  inclusions  are  also  shown.  The  structure  is 
practically  identical  with  that  shown  in  micrograph  No.  3974. 
Etching  with  Stead's  reagent  develops  a  structure  in  every  respect 
like  that  of  barrel  No.  108282.  Micrograph  No.  3978,  at  50  diame- 
ters, shows  the  structure  of  barrel  No.  100187  after  etching  with 
Stead's  reagent  and  it  is  seen  to  be  practically  identical  with  micro- 
graph No.  3975.  Such  streaks  as  are  shown  in  these  two  micro- 
graphs, which  extend  in  the  longitudinal  direction  of  the  barrel,  con- 
tribute to  form  planes  of  weakness  in  the  transverse  direction. 
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INVESTIGATION  OF  BBOKES  FIRING  PINS  FROM  REVOLVERS, 

MODEL  OF  1917. 

OBJECT. 

The  object  of  this  investigation  was  to  make  as  complete  an  exam- 
ination of  the  metal  as  possible,  and  if  the  information  derived  there- 
from was  sufficient,  a  conclusion  was  to  be  drawn  regarding  the  cause 
of  failure. 

CONCLUSIONS. 

Sufficient  evidence  was  not  obtained  from  the  metal  submitted  to 
warrant  a  definite  conclusion  as  to  the  cause  of  failure. 

MATERIALS. 

The  material  investigated  was  four  firing  pins  from  double-action 
revolvers,  model  of  1917,  bearing  numbers  20120,  898,  987,  and  360. 


EXPERIMENTAL. 

The  experimental  work  consisted  entirely  of  chemical  analysis  and 
microscopic  examination.  After  examining  the  pieces  microscop- 
ically, they  were  submitted  to,  chemical  analysis  for  silicon  and 
phosphorus.  Sufficient  metal  was  available  for  the  determination 
of  these  two  elements  only. 

Chemical  analysis. 


Firing  pin  from  revolver 
No.— 

Silicon. 

Phospho- 
rus. 

20120 

Percent 

0.079 

.047 

.054 

.055 

Percent. 

0.087 

.065 

.053 

.048 

888 

987 ; 

MO 

The  chemical  specifications  which  govern  the  percentage  of  silicon 
and  phosphorus  in  this  component  of  these  revolvers  are  not  at  the 
disposal  of  this  laboratory. 

Microscopic  Examination. 

The  four  firing  pins  were  clamped  together  in  such  a  manner  that 
the  edges  could  be  ground  and  polished  for  microscopic  examination. 
In  the  unetched  condition  the  metal  was  found  to  be  free  from 
nonmetallic  inclusions.  Etching  with  Stead's  reagent  did  not  reveal 
the  presence  of  any  streaks  or  segregation.  Etching  with  4  per  cent 
nitric  acid  developed  the  structure  shown  in  the  following  micro- 
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graphs.  Micrograph  No.  4426,  at  50  diameters,  shows  the  structure 
of  the  firing  pin  from  revolver  No.  20120.  One  side  is  seen  to  he 
slightly  decarburized.  Micrograph  No.  4427,  at  500  diameters,  shows 
the  same  structure  as  is  shown  m  the  central  portion  of  micrograph 
No.  4426,  only  at  higher  magnification.  This  structure  may  be 
defined  as  troosto-sorbitic  and  it  has  a  small  amount  of  free  ferrite 
distributed  in  fine  particles.  The  decarburized  side  of  this  striker 
is  shown  more  clearly  in  micrograph  No.  4428,  at  500  diameters. 
Micrograph  No.  4429,  at  50  diameters,  shows  the  structure  of  the 
firing  pin  from  revolver  No.  360.  This  shows  a  very  fine  structure 
and  although  no  appreciable  decarburization  is  visible  in  this  micro- 
graph there  were  places  on  the  surface  which  did  show  it.  Micro- 
graph No.  4431,  at  500  diameters,  shows  this  conclusively.  Micro- 
graph No.  4430,  at  500  diameters,  shows  the  structure  at  the  central 
portion  of  the  striker.  Very  fine  particles  of  free  ferrite  are  seen 
intimately  intermingled  with  the  other  constituents  which  appear 
to  be  troostite  and  sorbite.  Micrograph  No.  4432,  at  50  diameters, 
shows  the  structure  of  the  piu  from  revolver  No.  898.  This  also  is  a 
very  fine  structure  with  no  noticeable  decarburized  surface.  Micro- 
graph No.  4433,  at  500  diameters,  shows  the  same  structure  as 
micrograph  No.  4432,  only  more  highly  magnified.  This  shows  the 
presence  of  more  troostite  and  less  free  ferrite  than  any  of  the  other 
specimens  examined.  The  side  of  this  specimen  shows  only  a  very 
slight  amount  of  decarburization.  This  is  made  evident  in  micro- 
graph No.  4434,  at  500  diameters.  Micrograph  No.  4435,  at  50  diame- 
ters, shows  the  structure  of  the  pin  from  revolver  No.  987.  The 
surface  is  seen  to  be  slightly  decarburized  and  the  general  structure 
is  very  fine.  Micrograph  No.  4436,  at  500  diameters,  shows  the 
general  structure  at  nigner  magnification.  Considerable  free  ferrite 
is  seen  intermingled  with  troosto-sorbite.  The  surface  of  this  pin, 
which  was  slightly  lower  in  carbon  than  the  inside,  is  shown  in 
micrograph  No.  4437,  at  500  diameters. 

None  of  the  structures  here  shown  indicate  a  brittle  metal.  In  no 
case  is  there  any  martensite  present  and  the  carbon  is  not  so  high 
as  to  preclude  the  presence  of  a  considerable  amount  of  free  ferrite. 
Special  care  was  taken  to  show  the  edge,  or  surface,  in  order  to 
determine  if  this  piece  had  been  casehardened.  No  such  treatment 
had  been  given  these  pins  but,  on  the  contrary,  each  one  was  found 
to  have  been  slightly  decarburized.  All  of  the  firing  pins  could  be 
cut  with  a  file,  but  only  with  difficulty.  Neither  the  magnitude  nor 
the  direction  of  the  stresses  to  which  these  pins  are  subjected  in 
service  is  known  to  this  laboratory,  but  since  all  of  these  failures 
occurred  in  practically  the  same  location  it  is  suggested  that  a  change 
in  design  might  assist  in  overcoming  this  difficulty. 
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EXAMINATION  OF  THBEE  REVOLVER  BARBELS  WHICH  FAILED 

IH  SERVICE. 

O&JECT. 

The  object  of  this  investigation  was  to  examine  these  barrels  in 
order  to  determine  the  nature  of  the  metal  composing  them,  and  if 
possible  to  ascertain  the  cause  of  failure. 

CONCLUSIONS, 

There  is  a  possible  explanation  of  the  failures  in  the  two  observa- 
tions outlined  below. 

First.  The  carbon  content  of  the  steel  was  very  low,  and  this  in 
connection  with  the  microstructures  would  indicate  that  the  elastic 
limit  and  tensile  strength  of  the  material  was  very  low. 

Second.  There  were  also  numerous  slag  inclusions  and  streaks  in 
the  metal  which  formed  possible  planes  of  weakness  that  may  lead 
to  failure  under  shock. 

MATERIAL. 

The  material  investigated  consisted  of  three  .45  caliber,  model  of 
1917,  revolver  barrels,  bearing  the  numbers  614,  16456,  and  19685. 

EXPERIMENTAL. 

The  experimental  work  consisted  of  chemical  analyses  and  micro- 
scopical examination.  The  condition  of  these  barrels  when  received 
in  the  laboratory  is  shown  in  photograph  No.  4448. 

Chemical  Analysis. 

Chemical  analysis  was  made  on  samples  taken  from  each. of  these 
barrels,  and  the  compositions  obtained  are  given  below. 


Barrel  No.— 

C 

Mil. 

Si. 

8. 

P. 

NJ. 

Cr. 

Cu. 

614 

Percent. 
a  14 
.10 
.12 

Percent. 
0.86 
.87 
.77 

Percent. 
Trace. 
Trace. 
Trace. 

Per  cent. 
a  063 
.104 
.104 

Percent. 
0.005 
.014 
.013 

Per  cent. 
None. 
None. 
None. 

Percent. 
a  12 
.07 
.03 

Percent. 
Trace. 
Trace. 
Trace. 

16456 

19686 

The  specifications  governing  the  chemical  composition  of  the  steel 
used  in  the  manufacture  of  these  barrels  is  not  known.  Further- 
more, the  extent  of  the  service  stresses  are  not  known,  and,  conse- 
quently the  necessity  of  using  a  stronger  material  can  not  be  stated 
by  this  laboratory. 

Regardless  of  the  above,  it  would  seem  quite  possible  that  the 
carbon  content  could  be  raised  to  at  least  0.25  per  cent  without 
seriously  interfering  with  any  machining  operations.    This  increase 
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in  carbon  would  certainly  add  materially  to  the  strength  of  the  bar- 
rels, especially  if  properly  treated.  Regardless  of  the  present  factor 
of  safety  with  the  use  of  very  low-carbon  material,  it  is  believed  that 
the  above  suggestions  if  followed  out  properly  would  increase  this 
factor  of  safety,  which  is  always  very  desirable.  Particular  attention 
is  also  invited  to  the  sulphur  content  of  two  of  the  barrels.  It  is  not 
believed  that  such  a  high  sulphur  content  is  either  desirable  or  ad- 
missible. 

Microscopical  Examination. 

Longitudinal  sections  were  prepared  from  each  barrel  and  exam- 
ined microscopically. 

Micrograph  No.  4449,  at  50  diameters,  shows  the  structure  of 
barrel  No.  614  near  the  crack  after  etching  with  4  per  cent  nitric  acid. 
The  grain  size  is  very  small.  The  same  structure  is  shown  in  micro- 
graph No.  4450  at  500  diameters.  The  condition  of  the  small  amount 
of  carbide  present  is  poorly  defined,  but  seems  to  be  sorbitic. 
Numerous  slag  inclusions  were  found  in  the  metal,  and  these  inclu- 
sions were  found  in  streaks. 

Micrograph  No.  4451,  at  500  diameters,  shows  one  of  these  streaks 
unetohed.  The  small  black  spots  are  holes  which  originally  con- 
tained inclusions  that  were  dragged  out  during  polishing.  The 
appearance  of  this  same  location  after  etching  with  Stead's  reagent 
is  shown  in  micrograph  No.  4452  at  500  diameters.  Most  of  the 
inclusions  are  seen  to  be  in  the  light  streak.  Such  streaks  as  these, 
which  are  continuous  throughout  a  considerable  length  and  contain 
many  nonmetallic  inclusions,  are  very  great  sources  of  weakness. 
That  a  number  of  such  streaks  are  present  is  shown  in  micrograph 
No.  4453,  at  50  diameters,  after  etching  with  Stead's  reagent,  and  at 
this  magnification  the  streaks  are  very  distinct. 

Micrograph  No.  4454,  at  50  diameters,  shows  the  structure  of 
barrel  No.  16456  after  etching  with  4  per  cent  nitric  acid.  This  is 
very  similar  to  the  corresponding  micrograph  of  barrel  No.  614. 
This  structure  is  shown  at  higher  magnification  in  micrograph  No. 
4455,  500  diameters.  Several  nonmetallic  inclusions  are  visible  in 
the  ferrite  areas  and  the  carbon-containing  constituents,  as  in  the 
barrel  previously  examined,  are  sorbitic.  In  the  unetched  condi- 
tion, numerous  nonmetallic  inclusions  are  visible,  as  shown  by  micro- 
graph No.  4456,  at  500  diameters.  Etching  with  Stead's  reagent 
reveals  a  number  of  streaks  which  are  shown  in  micrograph  No.  4457, 
at  50  diameters.  Micrograph  No.  4458,  at  50  diameters,  shows  the 
structure  of  barrel  No.  19685  after  etching  with  4  per  cent  nitric  acid. 
A  very  fine  structure  similar  to  that  found  in  barrels  No.  614  and  No. 
16456  is  shown.  The  same  structure  is  shown  at  higher  magnifica- 
tion in  micrograph  No.  4459,  at  500  diameters.  The  constituent- 
containing  carbon  is  in  the  sorbitic  condition,  and  many  small  non- 
metallic  inclusions  are  visible. 

These  specimens  were  all  carefully  repolished  and  etched  with 
boiling  sodium  picrate,  which,  according  to  Comstock,  will  darken 
sulphide  inclusions,  leaving  the  particles  of  slag  unaffected.  Only  a 
very  few  of  these  inclusions  were  found  to  be  sulphides.  The  most 
of  them  were  inclusions  of  slag. 
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PHOTOGRAPH    NO.    4448, 

Showing  condition  of  three  revolver  barrels  as  received  at  this  laboratory. 
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EXAMINATION  OF  BARREL  FROM  .45  CALIBER  AUTOMATIC 

REVOLVER,  MODEL  OF  1911. 

OBJECT. 

The  object  of  this  investigation  was  to  determine  the  cause  of 
failure  of  this  barrel.  The  barrel  was  cracked  almost  its  full  length 
on  its  upper  surface. 

CONCLUSIONS. 

• 

It  is  the  conclusion  of  this  laboratory  that  the  metal  used  in  the 
manufacture  of  this  revolver  barrel  is  very  undesirable  material  for 
this  purpose.  The  metal  was  badly  streaked  in  the  longitudinal  di- 
rection and  contained  numerous  long  slag  inclusions.  Phosphorus 
segregation  in  streaks  was  shown  by  etching  with  Stead's  reagent. 
These  conditions  are  very  undesirable  as  they  almost  invariably  cause 
undue  weakness  in  the  transverse  direction. 

MATERIAL. 

The  material  investigated  was  an  automatic  .45  caliber,  model 
1911,  revolver  barrel. 

EXPERIMENTAL. 

The  experimental  work  consisted  of  chemical  analysis  and  micro- 
scopic examination.  Photograph  No.  4460  shows  the  condition  of 
the  barrel  as  received  at  this  laboratory. 

Chemical  Analysis. 
The  composition  as  determined  by  chemical  analysis  was  as  follows : 


c. 

Mn. 

8i. 

s. 

P. 

Ni. 

Cr. 

Co. 

Percent. 
0.43 

Percent. 
0.99 

Percent, 
a  210 

Percent. 
a  076 

Per  cent. 
0.070 

Percent. 

an 

Percent. 

an 

Percent, 

an 

Microscopic  Examination. 

The  specimens  were  prepared  for  examination  in  the  longitudinal 
direction.  Micrograph  rlo.  4461,  at  50  diameters,  shows  the  general 
structure  of  the  barrel  after  etching  with  4  per  cent  nitric  acid.  The 
structure  shows  a  very,  fine  grain  size  with  numerous  ferrite  streaks. 
Nearly  all  of  these  ferrite  streaks  at  500  diameters  contain  large  non- 
metallic  inclusions.  The  same  structure  is  shown  in  micrograph  No. 
4462,  at  500  diameters.  Several  slag  inclusions  are  shown.  The 
carbide  is  shown  in  the  sorbitic  condition. 
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Micrograph  No.  4463,  at  500  diameters,  and  un etched,  illustrates 
further  the  general  size  of  numerous  slag  inclusions.  Micrograph 
No.  4464,  after  etching  with  Stead's  reagent,  illustrates  the  segrega- 
tion of  phosphorus.  * 

The  specimen  was  carefully  repolished  and  etched  with  boiling 
sodium  picrate,  which,  according  to  Comstock,  will  darken  sulphide 
inclusions,  leaving  the  slag  particles  unaffected.  Quite  a  number  of 
the  inclusions  did  darken,  while  others  did  not,  which  seems  to  show 
that  some  of  the  inclusions  were  manganese  sulphide  while  others 
were  slag. 


PHOTOGRAPH    NO.    4460, 
Showing  cracked  condition  of  Colt  automatic  pistol  barrel,  ag  received  in  thia  laboratory. 
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EXAXIVATIOir  OF  PINTLE  BEARING   CASTING  FOR  3-IVCH 

FIELD   GUN. 

OBJECT. 

The  object  of  this  investigation,  was  to  determine  if,  in  considera- 
tion of  this  arsenal's  experience  in  the  manufacture  of  this  type  of 
casting,  the  particular  one  examined  was  suitable  for  service. 

CONCLUSIONS. 

It  is  concluded  from  this  examination  that  the  casting  referred  to 
above  is  suitable  for  the  service  intended. 

EXPERIMENTAL. 

The  casting  was  cut  open,  as  shown  in  the  photograph  on  page  follow- 
ing. An  examination  ox  the  casting  shows  it  to  be  sound  ana  practically 
free  from  blowholes.  This  photograph  also  shows  the  location  of  the 
tensile  and  Charpy  specimens  taken  from  this  casting.  The  results 
obtained  from  these  specimens  are  recorded  on  page  69.  Chemical 
analysis  immediately  follows  the  tables  showing  the  results  of  the 
physical  tests. 

Particular  attention  is  invited  to  the  fact  that  the  Charpy  values 
obtained  from  this  casting  are  very  good,  exceeding  in  many  instances 
those  obtained  from  tranlverse  bail  taken  frora^m  forcings. 

The  two  micrographs  shown  on  page  69  show  conclusively  that 
this  casting  has  been  quenched  prooaoly  in  water  and  then  subse- 
quently drawn.  The  chemical  composition  is  similar  to  that  em- 
ployed by  this  arsenal  in  the  manufacture  of  this  casting.  The  micro- 
structure  obtained  is  also  practically  identical  with  that  obtained  at 
this  arsenal  when  castings  having  the  composition  shown  are  water 
quenched  and  subsequently  drawn. 

Physical  Tests  on  Pintle  Bearing  Submitted  for  Test. 

Tensile  tests. 


No. 


l... 

2.. 

3.. 

4.. 


Location  of 
specimen. 


2Y. 
1Y. 
4Y. 
3Y. 


Yield  point 

(pounds 

per  square 

incn). 

Tensile 

strength 

(pounds 

per  square 

incn). 

Elonga- 
tion (per 
cent). 

Contrac- 
tion (per 
cent). 

Brinell 

hardness 

No. 

• 

59,500 

0) 
64,000 

62,000 

89,600 

14.5 

27.4 

197 

93,500 
92,600 

12.0 
15.6 

24.0 
27.4 

197 
202 

Appearance  of 
fracture. 


Amorphous. 

Do. 
Do. 


*  The  specimen  taken  at  this  point  was  not  tested,  due  to  the  presence  of  a  blowhole. 
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Charpy  impact  tests. 
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No. 

Location  of  specimen. 

Foot-pounds  per  square  inch. 

Appearance  of  fracture. 

First 
test. 

Second 
test. 

Average. 

1... 
2... 
3... 
4... 

i 

2X 

162 
163 
154 
198 

179 
166 
174 
165 

170 
164 
164 
176 

Amorphous  and  crystalline. 
Do. 
Do. 
Do. 

IX 

4X 

3X 

.... 

Chemical  analysis.  Per  cent. 

Carbon 0. 30 

Manganese 68 

Silicon 268 

Sulphur 032 

Phosphorus Oil 

Chromium 12 
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INVESTIGATION  OF  CASTINGS  PRODUCED  BT  THE  CEN- 
TRIFUGAL PROCESS. 

OBJECT. 

The  object  of  this  investigation  was  to  determine  the  physical 
properties  and  general  characteristics  of  three  castings  produced  by 
the  centrifugal  process. 

MATERIAL. 

Three  cylinders  were  received,  each  approximately  71£  inches  long 
and  10-&  inches  in  diameter.  The  three  castings  were  numbered  1, 
2,  and  3,  respectively. 

Photograph  No.  3825,  page  following,  shows  the  general  appear- 
ance of  these  castings  as  received.  Aiiy  surface  imperfections  are 
marked  with  small  circles  in  chalk. 

CONCLUSIONS. 

All  of  the  castings  examined  had  a  very  good  exterior  surface  and  very 
few  imperfections  existed.  The  small  imperfections  which  did  exist 
appeared  very  much  as  small  sand  holes  in  an  ordinary  casting.  The 
interior  of  castings  No.  2  and  No.  3  was  very  rough,  the  metal  pre- 
senting the  appearance  of  the  surface  of  an  ingot  which  has  slightly 
purged  in  the  chill.  The  interior  of  casting  No.  1  did  not  show  this 
condition  and  was  very  smooth.  Chemical  analyses  were  taken  from 
castings  No.  1  and  No.  3.  The  inside  of  casting  No.  3  shows  a  slightly 
higher  carbon  and  nickel  content  than  the  outside  of  this  casting. 
The  inside  of  casting  No.  1  also  shows  a  slightly  higher  carbon  con- 
tent than  the  outside.  The  nickel  content,  as  determined  from  inside 
and  outside  of  casting  No.  1,  shows  very  little  variation.  The  varia- 
tion of  the  other  elements  determined  in  castings  No.  1  and  No.  3 
is  slight. 

PHYSICAL  TESTS. 

The  physical  tests  obtained  on  casting  No.  3  in  the  annealed  condi- 
tion show  very  good  results.  The  Charpy  impact  results  are  higher 
than  those  generally  obtained  on  castings  made  at  this  arsenal,  but 
similarly  treated.  Very  few  tests  are  available  for  comparison  upon 
electric  furnace  castings  of  this  composition.  Casting  No.  1,  although 
having  a  better  interior  surface,  as  previously  stated,  did  not  show 
good  physical  properties.  The  elongation  ana  contraction  were  low, 
as  were  also  the  results  of  the  Charpy  value.  This  was  due  to  a 
porosity  which  existed  in  this  casting. 

The  rings  tfhich  were  rough  machined  and  forged  on  a  mandrel 
showed  a  marked  improvement  in  ductility  and  also  a  much  better 
Charpy  test.  The  ring  which  was  heat  treated  after  forging  showed 
still  a  further  improvement  in  the  Charpy  value. 
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The  most  interesting  results  were  those  obtained  on  one  of  the 
annealed  cast  rings,  which -was  subsequently  treated  by  being  given 
a  water  quench  and  draw  as  described  in  a  laterportion  of  this  report. 
The  ductility  was  excellent  and  the  average  Cnarpy  value  was  278 
foot-pounds  per  square  inch.  This  is  considered  exceptionally  good. 
The  summary  of  the  physical  tests  on  the  next  page  is  self-explanatory. 

Macroexamination  of  the  various  sections  showed  the  presence  of 
circumferential  bands,  which,  upon  microscopical  examination,  proved 
to  be  free  f errite.  It  should  be  Dome  in  mind  that  these  castings  were 
examined  macroscopically  after  the  preliminary  anneal,  said  bands 
not  being  removed  by  this  treatment. 

Microscopical  examination  of  casting  No.  1  showed  that  the  metal 
was  full  of  small  blowholes,  and  furthermore  that  the  original  ingot 
structure  had  not  been  entirely  broken  up  by  the  anneal  at  950°  C. 
It  has  been  observed  that  this  persistence  of  original  ingot  structure 
in  castings  after  this  treatment  is  very  often  accounted  for  by  the 
presence  of  small  inclusions  and  blowholes.  The  microscopical  exam- 
ination of  casting  No.  3  showed  a  much  better  structure,  and  the 
original  ingotism  was  almost  entirely  broken  up. 

EXPERIMENT  AL. 

The  first  operation  after  the  receipt  of  the  castings  was  to  give  them 
a  superficial  examination.  The  results  of  this  superficial  examination 
have  been  given  in  the  conclusions  of  this  report.  Castings  No.  1  and 
No.  3  were  then  annealed  at  950°  C.  for  four  hours,  air  chilled,  and 
drawn  six  hours  at  600°  C.  After  the  completion  of  the  anneal,  cast- 
ing No.  3  was  cut  into  sections,  as  shown  in  photograph  No.  3825, 
page  70.  Casting  No.  1  was  split  longitudinally,  as  shown  in  this 
same  photograph.     The  cuts  in  question  are  indicated  by  black  lines 

on  the  photograph- 

The  sections  from  castings  lettered  from  A  to  J,  inclusive,  were  then 

polished  and  etched  with  iodine.  One-half  of  casting  No.  1  was  pol- 
ished throughout  its  entire  length  and  also  etched  with  iodine.  The 
results  of  the  iodine  etching  of  the  rings  from  casting  No.  3  are  shown 
in  photographs  No.  3826  to  No.  3835,  inclusive,  pages  72-1  to  72-10. 
These  photographs  show  the  existence  of  circumferential  bands  and 
also  the  persistence  of  the  original  ingot  structure.  The  circumferen- 
tial bands  shown  in  these  photograpns  were  proven  to  be  ferrite  by 
microscopical  examination. 

Referring  to  these  rings  in  the  order  of  their  occurrence  in  this 
report,  photograph  No.  3826  shows  also  the  location  of  three  chemical 
samples  taken  from  the  outside,  middle,  and  inside,  respectively. 
Three  sections  for  microscopical  examination  were  also  taken  from 
ring  A. 

Photograph  No.  3828,  ring  C,  shows  the  location  of  tangential  and 
longitudinal  tensile  specimens,  Charpy  bars,  and  also  specimens  for 
microscopical  examination. 

Ring  E,  photograph  No.  3830,  shows  the  location  of  specimens  for 
microscopical  examination,  and  also  the  piece  from  which  samples  for 
chemical  analyses  were  taken. 

Photograph  No.  3832,  ring  G,  shows  the  location  of  tangential  and 
longitudinal  tensile  specimens  and  also  Charpy  bars. 
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Specimens  for  chemical  analysis  and  microscopical  examination 
were  taken  from  ring  H,  as  shown  on  photograph  No.  3833. 

Charpy  bars  and  tangential  and  longitudinal  tensile  specimens 
were  taken  from  ring  J,  as  shown  in  photograph  No.  3835. 

The  results  obtained  on  the  various  specimens  are  given  in  the  fol- 
lowing tables,  and  by  reference  to  the  photographs  mentioned  the 
exact  location  of  each  specimen  can  be  ascertained. 

Photographs  No.  3836  to  No.  3838,  inclusive,  pages  74-1  to  74-3, 
show  sections  of  casting  No.  1  after  etching  witn  iodine.  Bands  of 
ferrite  were  not  visible  m  the  longitudinal  sections.  The  sketches 
on  page  74  shows  the  location  of  the  tensile  and  Charpy  specimens 
taken  from  casting  No.  1  in  the  annealed  condition.  Tne  results  are 
given  in  the  data  table  following. 

Chemical  Analyses. 


SAMPLE  FROM  CASTING  NO.  3,  SECTION  A. 


Sample 
No. 

Position  in  section. 

c. 

Mn. 

Si. 

S. 

P.et. 

0.018 
.021 
.021 

P. 

Nl. 

Cr. 

Cii. 

46 
47 

48 

Near  inside 

P.et. 

0.484 
.370 
.370 

P.et. 

0.63 

.57 

.53 

P.et. 

0.196 
.179 
.179 

P.et. 

0.023 
.015 
.017 

P.et. 
2.83 
2.80 
2.71 

P.et. 
None. 
None. 
None. 

P.et. 

0.040 
.045 
.045 

Middle 

Near  outside 

8AMPLE  FROM  CA8TING  NO.  3,  SECTION  E. 


49 
50 
51 

Near  inside 

0.464 
.386 
.366 

0.59 
.58 
.57 

0.188 
.179 
.176 

0.018 
.019 
.018 

0.019 
.014 
.012 

2.79 
2.62 
2.70 

None. 
None. 
None. 

0.045 
.045 
.042 

Middle 

Near  outside 

8AMPLE  FROM  CASTING  NO.  3,  8ECTION  H. 


52 
53 
54 

1 

Near  inside 

0.384 
.354 
.372 

0.53 
.55 
.54 

0.188 
.179 
.179 

0.019 
.019 
.021 

0.015 
.015 
.016 

2.76 
2.70 
2.72 

None. 
None. 
None. 

0.045 
.038 
.043 

Middle 

Near  outside 

SAMPLE  FROM  CASTING  NO.  1,  TAKEN  6  INCHES  FROM  REFERENCE  POINT. 


83 

84 


Near  inside.. 
Near  outside 


0.454 
.430 


0.43 
.43 


0.484       0.014 
.470  ,      .017 

i 


0.018 
.015 


2.29  \  None. 

2. 30  None. 


SAMPLE  FROM  CA8TING  NO.  I,  TAKEN  32}  INCHES  FROM  REFERENCE  POINT. 


85 
86 

Near  inside 

0.482 
.450 

0.46  1 
.45  , 

0.484 
.466 

0.020 
.019 

0.026 
.022 

2.30 
2.30 

None. 
None. 

0.035 
.010 

N  ear  outside 

SAMPLE  FROM  CA8TING  NO.  1,  TAKEN  52)  INCHES  FROM  REFERENCE  POINT. 


87 
88 

-<  ■■  ■ 
Near  inside 

0.524 
.450 

0.48 

Near,  outside 

.47 

74 


INVESTIGATIVE  TESTS. 


Tensile  and  Charpy  Impact  Tests. 

Treatment:  Annealed  4  Hours  at  950°  C,  Air  Chilled,  Drawn  6  Hours  at 

600°  C. 

PHYSICAL  TESTS  ON  CASTING  NO.  3,  RING  C.— TRANSVERSE. 


Speci- 
men 
No. 

Yield 

point 

(pounds 

per 

square 

inch). 

Tensile 
strength 
(pounds 

per 

square 

inch). 

Elonga- 
tion 
(per 

cent). 

Contrac- 
tion 
(per 
cent). 

Brinell 

hardness 

No. 

Charpy  impact  tests. 

Speci- 
men 
No. 

Foot- 
pounds 

per 
square 

inch. 

Average 

foot- 
pounds 

per 

square 

inch. 

Grand 
average. 

10 
11 

48,500 
49,500 

82,500 
83,500 

19.0 
21.5 

24.0 
30.7 

159 
171 

/     22 

\     a 
/     24 

\     25 

148 
129 
151 
231 

|    138.5 
}    191.0 

•    165.0 

PHYSICAL  TESTS  ON  CASTING  NO.  3,  RING  C— LONGITUDINAL. 


12 
13 

49,000 
49,000 

79,000 
83,000 

20.5 
17.5 

30.7 
27.4 

156 
167 

f     26 

\     W 
/     28 

\     2» 

208 
245 
214 
248 

}    226.5 
}    231.0 

1    229.0 

PHYSICAL  TESTS  ON  CASTING  NO.  3,  RING  G.— TRANSVERSE. 


14 
15 


47,500 
49,000 


79,000 
79,000 


22.0 
23.5 


34.0 
27.4 


149 
159 


30 
31 
32 
33 


167 
216 
175 
176 


191.5 
175.5 


I 


183.5 


PHYSICAL  TESTS  ON  CASTING  NO.  3,  RING  G.-LONGITUDINAL. 


16 
17 

49,500 
49,500 

84,000 
77,000 

18.5 
•9.0 

20.5 
16.9 

171 
159 

f      34 

\      w 

/      36 

\     37 

214 
223 
180 
211 

218.5 
195.5 

1    207 

*  Rejected  from  average. 
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Annealed  4  Hours  at  950°  C,  Air  Chilled,  and  Drawn  6  Hours  at  600°  G. 

PHYSICAL  TEST8  TAKEN  ON  CASTING  NO.  1,  6  INCHES  FROM  REFERENCE  POINT- 
TANGENTIAL. 


Speci- 
men 

No. 

Yield 

point 

(ponnds 

per 
square 
inch). 

Tensile 

strength 

(pounds 

per 

square 
inch). 

Elonga- 
tion 
(per 
cent). 

Contrac- 
tion 
(per 
cent). 

Brinell 

hardness 

No. 

Charpy  impact  tests. 

Speci- 
men 
No. 

Foot- 
pounds 

per 
square 

inch. 

Average 

foot- 
pounds 

per 
square 

inch. 

Grand 
average. 

50 
60 

55,000 
56,500 

02,500 
03,500 

14.5 
11.5 

16.9 
13.3 

171 
175 

/     69 
\     70 

/     71 
\     72 

60 
64 
76 
38 

}     62 

i  • 

1     50.5 

PHYSICAL  TESTS  TAKEN  ON  CASTING  NO.  1,  6  INCHES  FROM  REFERENCE    POINT- 
LONGITUDINAL. 


61 

56,000 

92,500 

13.5 

9.5 

171 

\     74 

75 
62 

|      68.5 

68.5 

PHYSICAL  TEST8  TAKEN  ON  CASTING  NO.  1, 32*  INCHES  FROM  REFERENCE  POINT- 
TANGENTIAL. 


63 
64 

56,000 
55,500 

92,000 
94,000 

10.0 
12.5 

13.3 
13.3 

179 
175 

f     75 
\     76 
/     77 
\     78 

93 
58 
64 
63 

\     75.5 
|     63.5 

I     60.5 

PHYSICAL  TESTS  TAKEN  ON  CASTING  NO.  1,  32*  INCHES  FROM  REFERENCE  POINT- 
LONGITUDINAL. 


66 

57,000 

94,500 

10.5 

16.9 

171 

Rings  B  and  F  from  casting  No.  3  were'  rough  machined  on  the 
interior  and  then  forged  down  to  a  thickness  of  1 J  inches.  The  length 
of  the  ring  was  not  increased  by  this  forging  operation,  the  decrease 
in  diameter  of  the  cylinder  wall  being  accomplished  by  an  increase 
in  the  diameter  of  the  ring.  The  drawing  on  the  following  page 
shows  the  location  of  the  tensile  and  Charpy  bars  taken  from  rings 
B  and  F  in  the  forjged  condition.  The  physical  tests  obtained  are 
given  in  the  following  data  table. 

Sections  of  forged  ring  F  were  then  heat  treated  as  follows :  Heated 
to  800°  C.  and  held  for  one  hour,  after  which  they  were  quenched  in 
water.  Subsequent  to  the  quenching  operation  they  were  drawn  at 
675°  C.  The  sections  of  cast  ring  G1  were  similarly  heat  treated. 
The  location  of  the  test  specimens  taken  from  the  sections  so  treated 
are  shown  in  the  following  drawing.  There  is  thus  available  for 
comparison  tensile  and  Charpy  tests  from  two  rings,  ring  Fl  being 
forged  and  heat  treated  and  ring  G1  being  treated  without  forging. 
The  physical  tests  resulting  are  shown  on  page  77.  The  forged  and 
heat-treated  ring  shows  better  ductility  than  the  cast  and  heat 
treated  ring,  although  the  ductility  was  exceptionally  good  for  both 
specimens,  as  was  likewise  the  Cnarpy  value.  The  Cnarpy  values 
obtained  upon  the  heat-treated  casting  are  superior  to  those  generally 
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obtained  upon  grin  forgings.  This  statement  should  be  made  with 
the  reservation  that  the  elastic  limit  and  tensile  strength  are  not  as 
high  as  gun  forgings  from  which  Charpy  bars  have  been  taken. 


/o7*/oa 


C*+r/mrS9*/00 


tnr/fif*  fay** 
from '  Cmrtnj  "3 
fs'rg+ct 

Co*c/tfJon 


[Rough  machined  and  forged.] 
PHYSICAL  TESTS  ON  CASTING  NO.  3,  RING  B-TRANSVERSE. 


Speci- 
men 
No. 

Yield 

point 

(pounds 

per 

square 

inch). 

Tensile 
strength 
(pounds 

per 

square 

inch). 

Elonga- 
tion 
(per 

cent). 

Contrac- 
tion 
(per 
cent). 

Brinell 

hardness 

No. 

Charpy  impact  tests. 

Speci- 
men 
No. 

Foot- 
pounds 

per 
square 

inch. 

Average 

foot- 
pounds 

per 

square 

inch. 

Grand 
average. 

256.25 

89 
90 

55,000 
57,500 

.  94,500 
97,000 

22.5 
23.5 

40.3 
43.3 

192 
167 

/     97 
\     98 
/     99 
\    100 

250 
275 
234 
266 

|    262.5 
J    250.0 

PHYSICAL  TESTS  ON  CASTING  NO.  3,  RING  B-LONGITUDINAL. 


91 
92 


57,500 
52,500 


92,000 
91,500 


23.5 
25.0 


51.9 
49.1 


192 
187 


101 
102 
103 
104 


250 
244 
284 
251 


257.2 


PHYSICAL  TESTS  ON  CASTING  NO.  3,  RING  F— TRANSVERSE. 


93 
94 


53,000 
54,500 


91,000 
94,000 


20.5 
20.5 


46.2 
49.1 


187 
202 


105 
106 
107 
108 


276 
278 
267 
316 


I 


284.2 


PHYSICAL  TESTS  ON  CASTING  NO.  3,  RING  F— LONGITUDINAL. 


95 
96 

54,000 
53,500 

96,000 
98,000 

22.5 
23.5 

49.1 
49.1 

179 
197 

I    109 
\    110 
/    111 
\    112 

i       23t 
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at***rH7 


Speci- 
men 
No. 


117 
118 


119 
120 


113 
114 


115 
116 


lOCAT/on  TE3TBMU\ 
/A*/***  ****** 


[Forged  and  heat  treated.] 
PHYSICAL  TESTS  ON  CASTING  NO.  3,  RING   F*— TANGENTIAL. 


Yield 

point 

(pounds 

per 

square 

inch). 


Tensile 
strength 
(pounds 

per 

square 

inch). 


61,500 
67,000 


88,000 
89,500 


Elonga- 
tion 
(per 

cent). 


Contrac- 
tion 
(per 
cent). 


25.5 
25.5 


Charpy  impact  tests. 


Brinell 

hardness 

No. 


Speci- 
men 
No. 


67.0 
62.3 


Foot- 
pounds 

per 

square 

inch. 


418 
392 
420 
394 


Average 

foot- 
pounds 

per 

square 

inch. 


} 


405 
407 


Grand 
average. 


} 


406 


PHYSICAL  TESTS  ON  CASTING  NO.  3,  RINO   Fi.— LONGITUDINAL. 


65,000 
64,500 


92,000 
91,000 


25.0 
27.5 


62.3 
69.2 


179 
179 


310 
322 
322 
355 


316 
338 


I 


327 


[Heat-treated  casting.] 
PHYSICAL  TESTS  ON  CASTING  NO.  3,  RING  G » -TANGENTIAL. 


62,500 
54,500 


89,500 
79,000 


24.0 
24.5 


54.6 
43.3 


330 
288 
247 
247 


I 


309 
247 


278 


PHY8ICAL  TESTS  ON  CASTING  NO.  3,  RING  Gi— LONGITUDINAL. 


66,500  I  91,000 
67,000   92,000 


54.6 
51.9 


183 
179 


230 
264 
241 
286 


247 
263 


255 


\ 
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Microscopical  Examination. 

Microscopical  examination  of  the  various  specimens  did  not  yield 
any  very  noteworthy  new  features.  The  ferrite  bands,  which  were 
very  distinct  in  the  microetching,  could  be  located  in  the  micro- 
sections.  In  the  case  of  casting  No.  1,  ferrite  bands  were  not  present, 
but  the  original  ingot  structure  was  clearly  outlined  by  this  con- 
stituent. Various  representative  micrographs  of  this  material  are 
shown  in  micrographs  No.  3839  to  No.  3873.  inclusive,  pages  78-1 
to  78-8.  The  metal  was  free  from  nonmetallic  inclusions  and,  as 
previously  stated,  casting  No.  3  was  sound,  whereas  casting  No.  1 
was  full  of  small  blowholes. 

The  structure  of  ring  F  after  forging  of  casting  No.  3  is  shown  in 
micrograph  No.  3868.  The  water-quenched  cast  ring  at  500  diameters 
is  shown  m  micrograph  No.  3870,  whereas  the  water-quenched  forged 
ring  at  500  diameters  is  shown  in  micrograph  No.  3872.  Slightly 
more  free  ferrite  is  present  in  the  heat-treated  cast  ring  than  in  the 
heat-treated  forged  ring. 
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EXAMINATION  OF  TWO  KALLEABLE-ntOBT  CASTINGS. 

OBJECT. 

This  examination  was  requested  by  the  Ordnance  Department.  It 
was  desired  that  complete  physical  and  chemical  tests  be  made  on 
these  samples. 

EXPERIMENTAL. 

Physical  tests  were  taken  as  follows:  Two  tensile  tests  on  the  guide 
bracket  and  bending  test  on  the  door  hinge  casting.  Chemical 
analysis  was  made  on  the  guide  bracket  castmg  and  microscopical 
fexamination  made  on  both  the  guide  bracket  casting  and  door  hinge 
casting.    The  results  of  the  above  tests  are  recorded  below. 

Tensile  Tests. 


Marks. 

Oaa*I 

Tensile  strength. 

Elongation  in  3  inches. 

Width 
(in?h). 

Thickness 

(in?h). 

Dectiiuitti 

area 
(square 

inch). 

0.265 
.270 

Lead 

(pounds). 

Stress 
(pounds 
persquar 
inch). 

e 

) 
) 

Inch. 

Per  cent. 

1 
2 

a  53 
.54 

0.50 
.50 

10,800 
14,500 

40,701 
53,70( 

0.08 
.32 

2.66 
10.60 

Elongation  in  in  h  sections. 

Width 
(ta2h). 

Thick- 
ness, 
(inch). 

Sectional 

area 

(square 

Inch). 

Contrac- 
tion of 

area  (per 
cent). 

Appearand  of  fracture. 

In-h. 

In:h. 

Inch. 

0.03 
.13 

0.03 
.10 

a  02 

.09 

0.51 
.50 

0.48 
.45 

0.245 
.225 

7.62 
16.6 

Dark   gray   with  large 

blowhole. 
Dark  gray  85  per  cent, 

granular  15  per  cent. 

Bending  Test. 

The  hinge  was  placed  in  a  vise  at  the  first  row  of  holes  or  at  the 
row  of  two  holes  and  bent  in  the  direction  the  hinge  would  be  used. 
At  an  angle  of  59°  the  hinge  fractured  across  the  row  of  holes.  Appear- 
ance of  fracture,  65  per  cent  dark  gray  amorphous  on  the  tension  side 
and  35  per  cent  crystalline  on  the  compression  side.  The  fragment 
with  the  one  hole  was  then  placed  in  the  vise  and  bent  in  the  opposite 
direction.  At  an  angle  of  40°  this  fragment  fractured  across  the  hole. 
Appearance  of  fracture,  60  per  cent  dark  gray  amorphous  on  the 
tension  side,  40  per  cent  crystalline  on  the  compression  side. 
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Chemical  Analysis. 


Carbon. 

Mn. 

Si. 

S. 

P. 

Total. 

Gra- 
phitic. 

Com- 
bined. 

Per  cent. 
2.43 

Percent. 
2.16 

Percent. 
0.26 

Percent. 
0.33 

Percent. 
1.00 

Per  cent. 
0.043 

Percent. 
0.086 

Microscopical  Examination. 


Microscopical  examination  was  made  on  the  guide  bracket  and  the 
structures  are  shown  in  micrographs  Nos.  4331,  4332,  and  4333. 
Microscopical  examination  was  also  made  on  the  door  hinge  casting, 
and  the  structures  are  shown  in  micrographs  Nos.  4334,  4335,  and 
4336.  The  microscopical  examination  of  these  sections  showed  a 
fully  malleableized  structure. 
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EXAMINATION  OF  75-MILLIMETEB  SHELLS. 

OBJECT. 

The  object  of  this  investigation  was  to  examine  four  75-millimeter 
shells  to  determine  the  nature  of  the  steel  and  with  special  reference 
to  any  small  surface  cracks  that  might  have  been  formed  as  a  result 
of  nosing  in  cold,  or  as  a  result  of  nosing  in  cold  followed  by  heat 
treatment. 

CONCLUSIONS. 

It  is  the  conclusion  of  the  metallurgical  department  of  this  arsenal 
that  the  operation  of  nosing  in  cold  of  the  four  shells  examined  had 
neither  produced  cracks  nor  the  necessary  conditions  for  the  forma- 
tion of  cracks  during  subsequent  heat  treatment,  but  this  does  not 
preclude  the  possibility  that  such  an  effect  might  be  produced  by 
the  cold  nosing  in  operation  on  shells  of  a  different  composition 
than  those  examined,  especially  shells  of  higher  carbon  content. 

MATERIAL. 

The  material  examined  was  four  75-millimeter  shells  made  by 
a  contractor,  two  of  which  had  been  nosed  in  cold  and  not  heat 
treated  and  two  of  which  had  been  nosed  in  cold  and  subsequently 
heat  treated.  One  of  these  shells,  as  received  in  this  laboratory, 
is  shown  in  photograph  No.  3859. 

EXPERIMENTAL. 

The  experimental  work  involved  physical  tests,  chemical  analysis, 
and  microscopical  examination. 

Physical  Tests. 

Static  tensile  tests. — Two  specimens  were  obtained  from  the  wall 
of  a  heat-treated  shell  and  two  from  the  wall  of  an  untreated  shell. 
The  specimens  were  0.2530-inch  diameter  and  2-inch  gauge  length. 
The  results  of  these  tests  are  tabulated  below,  Table  1. 

Table  1. 


Marks. 


Untreated 

Do. 
Treated... 
Do.    ... 


Yield 

point 

(pounds 

per  square 

inch). 

Tensile 

strength 

(pounds 

per  square 

inch). 

94,000 
94,000 
96,000 
94,000 

Elonga- 
tion In 
2  inches 
(per 
cent). 

Contrac- 
tion of 

area 

(per 
cent). 

50.0 
44.0 
74.0 
70.0 

GO,  000 
60,000 
62,000 
64,000 

19.5 
19.0 
23.5 
24.5 
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There  is  practically  no  difference  in  yield  point  and  tensile  strength 
between  the  treated  and  untreated  shell,  but  the  ductility,  as  mea- 
sured by  elongation  and  contraction  of  area,  is  materially  increased 
by  the  heat  treatment. 

Shore  schleroscope  tests. — Hardness  tests  were  made  with  the 
Shore  schleroscope  at  approximately  one-half  inch  intervals  from 
the  point  to  the  base  of  each  shell.  The  values  obtained  are  recorded 
in  the  following  table.  The  readings  taken  at  mark  No.  1  were 
one-half  inch  from  the  point  and  the  rest  were  taken  at  one-half 
inch  intervals  toward  the  base,  No.  20  being  near  the  base. 

Table  2. — Shore  schleroscope  tests. 


* 

Location  of  test. 

Shore  schleroscope  readings. 

Not 

heat 

treated. 

Not 

heat 

treated. 

Heat 
treated. 

Heat 
treated. 

1 

38 
36 
32 
32 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 

40 
38 
32 
31 
33 
33 
33 
33 
33 
32 
32 
32 
33 
32 
32 
32 

37      <►      35 
36    *         35 
36               35 
36               35 

2 

3 

4 

5 

36               34 

6 

36 
35 
35 
35 
35 
35 
35 
34 
34 
34 
33 

34 
34 
34 
34 
34 
34 

34 
34 
34 
34 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

34 
34 
34 

32 
32 
32 

32 
31 
81 

34 
34 
34 

19 

20 

Chemical  Analysis. 

Samples  were  taken  for  chemical  analysis  from  two  shells;  one 
from  a  heat  treated  shell  and  one  from  a  shell  which  was  not  heat 
treated.  The  composition  as  shown  by  these  analyses  is  given  in 
Table  3  below. 

Table.  3. — Chemical  composition. 


Marks. 

C. 

Mn. 

Si. 

8. 

P. 

Ni. 

Cr. 

Heat  treated 

Percent. 
0.51 
.50 

Per  cent. 
0.66 
.65 

Percent. 
0.150 
.152 

Percent. 
0.019 
.025 

Per  cent. 
0.013 
.017 

Percent. 
None. 
None. 

Per  cent. 
0.09 
.10 

Not  heat  treated 

As  shown  in  the  table  the  sulphur  and  phosphorus  are  very  low. 
A  high  degree  of  uniformity  in  composition  is  also  shown. 


Microscopic  Examination. 


Preceding  the  microscopic  examination  -  the  nose  of  each  shell 
was  carefully  polished  from  the  bourrelet  forward  and  examined  for 
cracks.    Examination  was  made  with  a  hand  lens  of  the  metal  in 
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the  etched  and  unetched  condition.  No  traces  of  cracks  were  found 
anywhere  on  the  surface  and  the  metal  at  all  points  appeared  sound 
and  homogeneous.  Following  this  examination,  specimens  were 
taken  so  as  to  present  a  surface  for  microscopic  examination  extend- 
ing fr$p  the  bourrelet  to  the  forward  end  and  in  the  plane  of  the 
longittipmal  axis  of  the  shell.  The  entire  surface  was  examined 
unetc^l;  etched  with  nitric  acid  and  etched  with  Stead's  reagent. 
The  npftal  was  clean  and  free  from  nonmetallic  inclusions  as  seen 
by  exjggnining  it  in  the  unetched  condition.  No  streaks  or  phos- 
pnon|gbands  were  disclosed  by  etching  with  Stead's  reagent.  This 
was  expected  to  be  the  case  in  view  of  the  low  phosphorus  content 
of  the  steel.  All  photomicrographs  were  taken  of  the  steel  etched 
with  4  per  cent  nitric  acid.  Micrograph  Nor  3860,  at  50  diameters, 
shows  a  longitudinal  section  of  one  of  the  shells  not  heat  treated, 
on  the  portion  of  the  nose  where  the  maximum  amount  of  cold  work 
was  noticeable.  As  will  be  seen,  there  is  only  very  slight  traces  of 
cold  working  as  evidenced  by  the  slight  tendency  of  the  ferrite 
toward  banding.  Micrograph  No.  38§1,  at  500  diameters,  shows 
the  same  location  as  No.  3860,  and  at  this  magnification  no  evidence 
of  cold  working  is  visible.  Micrograph  No.  3862,  at  50  diameters, 
shows  the  structure  of  the  other  shell  not  heat  treated.  No  evi- 
dence  of  cold  working  is  seen  here.  Micrograph  No.  3863,  at  500 
diameters,  shows  the  same  location  as  No.  3862  and  also  shows  no 
evidence  of  having  been  cold  worked.  The  location  of  these  micro- 
graphs was  where  the  maximum  amount  of  crystalline  disturbance 
would  take  place  during  the  operation  of  nosing  in.  Accordingly 
it  will  be  seen  that  nosing  in  cold  does  not  cause  any  appreciable 
cold  work  as  revealed  by  microscopic  examination.  Micrograph 
No.  3864,  at  50  diameters,  shows  the  structure  of  one  of  the  shells 
which  was  heat  treated  after  nosing  in.  The  grain  is  very  much 
refined  when  compared  to  that  found  in  the  untreated  shells.  A 
few  rather  insignificant  streaks  are  visible.  Micrograph  No.  3865 
shows  the  same  specimen  as  No.  3862  at  a  magnification  of  500 
diameters.  The  structure  for  the  most  part  is  sorbitic  with  a  small 
amount  of  free  ferrite  present.  A  small  nonmetallic  inclusion  is 
also  visible.  Micrograph  No.  3866  shows  the  structure  of  the  other 
shell  which  was  heat  treated  after,  nosing  in.  The  structure  is  very 
similar  to  that  in  micrograph  No.  3865.  Micrograph  No.  3867,  at 
500  diameters,  shows  the  same  location  as  No.  3866.  As  in  micro- 
graph No.  3865,  the  structure  is  sorbitic  with  free  ferrite.  One  of 
the  streaks  so  prominent  in  micrograph  No.  3866  is  also  seen  passing 
through  the  center. 
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EXAMINATION  OF  PISTOV-BOD  LIKEE  FOB  75-MILLIMBTEB 

GUN   CARRIAGE. 


OBJECT. 

The  object  of  this  investigation  was  to  determine  the  cause  of 
failure  of  a  piston-rod  liner  from  a  75-millimeter  gun  carriage  sub- 
mitted to  this  laboratory  for  investigation. 

CONCLUSIONS. 

It  is  concluded  by  the  metallurgical  department  of  this  arsenal 
that  the  cause  of  failure  of  this  piston-rod  liner  was  due  to  the  presence 
of  streaks  and  seams  in  the  metal  of  which  it  was  composed.  These 
streaks  were  not  the  result  of  carbon  segregation  as  this  element  is 
seen  by  microscopic  examination  after  etching  with  nitric  acid  to  be 
uniformly  distributed.  In  view  of  the  character  of  the  etching  pro- 
duced by  Stead's  reagent  and  of  the  low  phosphorus  and  sulphur  per- 
centages the  streaks  can  not  be  attributed  to  phosphorus  or  sulphur 
segregation.  Sufficient  evidence  is  not  yet  at  liand  to  warrant  the 
conclusion  that  the  segregation  is  that  of  nickel,  but  this  is  believed 
to  be  the  case,  and  further  work  is  now  in  progress  to  determine  this 
point. 

MATERIAL. 

The  material  investigated  consisted  of  one  piston-rod  liner  for  a 
gun  carriage  which  failed. 

EXPERIMENTAL. 

The  experimental  work  consisted  of  microscopic  examinations  and 
chemical  analysis  of  the  defective  cylinder.  Photographs  were  also 
taken  showing  as  clearly  as  possible  the  nature  and  extent  of  these 
cracks. 

The  polished  surface  showed  four  cracks  more  or  less  indistinct. 
The  one  nearest  the  threaded  portion  herein  referred  to  as  crack  No. 
1  is  1.1  inches  in  length  and  begins  14  inches  from  the  end.  This 
crack  is  shown  in  photograph  No.  3885.  By  rotating  the  tube  17° 
from  crack  No.  1,  crack  No.  2  is  shown  which  begins  32.8  inches 
from  the  end  and  is  3.5  inches  in  length.  Portions  of  this  crack 
are  somewhat  indistinct,  and  it  is  not  all  in  the  same  straight  line. 
In  other  words  there  appears  to  be  several  small  cracks  located  close 
together  instead  of  one  large  crack.  It  is  shown  in  photograph 
No.  3886.  The  largest  crack,  No.  3,  which  is  shown  in  photograph 
No.  3887  is  found  by  rotating  the  tube  through  an  additional  angle 
of   155°  (173°  from  No.  1)   and  it  is  31.35  inches  from  the  end. 
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It  has  a  length  of  1.6  inches.  This  crack  penetrates  about  one-half 
the  way  through  the  wall  of  the  cylinder  at  the  point  where  the  tube 
was  cut,  which  was  0.35  inch  from  the  end  of  the  surface  crack. 
At  one  point  it  appears  that  this  crack  penetrates  clear  through 
for  a  distance  of  one-tenth  of  an  inch.  By  rotating  the  tube  32°  far- 
ther (205°  from  crack  No.  1)  the  fourth  crack  can  be  seen.  This  is 
shown  in  photograph  No.  3888.  This  crack  begins  32.8  inches  from 
the  end  and  may  be  traced  through  a  length  of  7  inches,  although 
it  is  not  very  distinct  and  at  some  points  it  is  only  slightly  visible. 

Microscopic  Examination. 

The  specimens  were  prepared  for  microscopic  examination  so  that 
a  section  of  the  surface  about  1  inch  in  length  along  the  tube  would 
be  presented  for  examination.  These  sections  were  taken  in  the 
region  of  the  cracks  so  that  the  condition  of  the  metal  in  these  por- 
tions of  the  liner  might  be  examined.  In  the  unetched  condition 
the  metal  seemed  to  contain  a  few  elongated  nonmetallic  inclusions 
which  will  be  referred  to  later  and  shown  in  micrographs  No.  3895 
and  No.  3896.  After  etching  with  4  per  cent  nitric  acid,  the  struc- 
ture shown  in  micrograph  No.  3889,  at  50  diameters,  was  found  near 
crack  No.  1.  A  very  fine  grain  is  here  shown  which  is  free  from  seg- 
regation and  streaks.  Micrograph  No.  3894,  at  500  diameters,  is  an 
enlargement  of  micrograph  No.  3889.  The  structure  here  is  sorbitic 
but  there  is  also  present  a  small  amount  of  free  ferrite.  It  represents 
a  very  desirable  structure.  Micrograph  No.  3890  at  50  diameters 
taken  near  crack  No.  1  shows  a  structure  depicted  by  etching  with 
Stead's  reagent.  This  shows  the  presence  of  a  considerable  number 
of  streaks,  out  the  structure  is  different  from  that  resulting  from 
phosphorus  banding.  The  chemical  analysis  shows  the  phosphorus 
and  sulphur  to  be  very  low,  also  with  Stead's  reagent  copper  was  de- 
posited evenly  and  uniformly  over  the  entire  surface;  for  these 
reasons  it  is  not  believed  that  the  banding  was  produced  by  phos- 
phorus segregation.  The  etching  effect  was  probably  produced  by 
the  hydrochloric  acid  which  is  present  in  the  Stead's  reagent  rather 
than  by  the  other  components  since  there  was  no  appreciable  local 
deposition  of  copper.  Micrograph  No.  3891,  at  500  diameters,  is  an 
enlargement  of  micrograph  No.  3890.  As  shown  by  this  micrograph 
the  structure  more  closely  resembles  that  produced  by  acid  etching 
rather  than  that  resulting  from  the  use  of  Stead's  reagent,  where 
copper  is  normally  deposited.  Micrograph  No.  3892,  at  50  diameters, 
was  taken  near  crack  No.  3  after  etching  with  Stead's  reagent.  This 
also  shows  a  very  highly  banded  condition  which  is  not  of  the  char- 
acter ordinarily  produced  by  phosphorus.  Micrograph  No.  3893,  at 
500  diameters,  was  taken  on  approximately  the  same  location  as  No. 
3892,  and  as  in  micrograph  No.  3291,  the  structure  does  not  appear 
to  be  that  which  is  usually  produced  by  etching  with  Stead's  reagent. 
Micrograph  No.  3895  at  500  diameters,  was  taken  near  crack  No.  3  of 
the  metal  in  the  unetched  condition.  A  few  elongated  nonmetallic 
inclusions  which  were  previously  referred  to  can  be  seen.  Micrograph 
No.  3895,  at  500  diameters,  was  taken  near  micrograph  No.  3895. 
This  specimen  was  also  in  the  unetched  condition  and  shows  non- 
metallic  inclusions. 
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Chemical  Analysis. 


The  chemical  analysis  of  this  piston-rod  liner  gave  the  following 
composition: 


c. 

Un. 

Si. 

s. 

P. 

Ni. 

Cr. 

Percent. 
0.50 

Percent. 
0.74 

Percent. 
0.155 

Percent. 
0.014 

Percent. 
a  013 

Percent. 
2.73 

Percent. 
0.13 

As  seen  from  this  analsis,  both  the  sulphur  and  phosphorus  are 
exceedingly  low  and  it  seems  from  this  fact  th%t  the  banding  pre- 
viously referred  to  was  caused  by  segregation  of  some  element  other 
than  either  sulphur  or  phosphorus.  Since  this  steel  contains  2.73 
per  cent  nickel  it  is  thought  that  the  banding  noticed  in  the  micro- 
graphs may  possibly  be  due  to  segregation  of  that  metal.  More  ex- 
tended work  is  now  being  carried  out  in  this  laboratory  in  an  attempt 
to  determine  definitely  the  cause  of  this  banding. 
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EXAMINATION   OF   FEAGMENTS   FEOM   155-MILLIMETEE 

HOWITZEE  TUBE   AND  JACKET. 

OBJECT. 

The  object  of  this  investigation  was  to  make  a  complete  examina- 
tion of  the  metal,  including  physical,  chemical,  and  microscopical 
tests. 

CONCLUSIONS. 

It  is  the  conclusion  of  the  metallurgical  department  of  this 
arsenal  that  the  last  heating  operation  above  the  critical  range 
which  was  applied  to  both  tube  and  jacket  was  exceedingly  high,  or 
else  the  period  of  soaking  t was  excessively  long.  This  conclusion  is 
based  on  the  grain  size  and  microstructure,  which  could  only  be 
reproduced  in  this  laboratory  by  high  temperature  treatments, 
namely,  1,100°  C.  for  the  jacket  and  1,000°  C.  for  the  tube.  The 
brittleness  of  the  tube  under  sudden  impact,  as  shown  by  the  low 
Charpy  values,  is  in  all  probability  brought  about  by  the  coarse 
structure  observed,  and  it  is  believed  that  the  Charpy  qualities 
could  be  materially  improved  by  suitable  heat  treatment  without 
impairing  the  static  properties.  The  limited  amount  of  metal  made 
it  impossible  to  include  this  test  in  the  investigation.  The  jacket, 
which  had  a  coarser  structure  than  the  tube,  would  probably  have 
shown  a  still  lower  Charpy  value,  but  sufficient  metal  could  not  be 
'obtained  for  this  test. 

In  fiew  of  the  experiments  carried  out  in  this  laboratory  in  which 
an  attempt  was  made  to  produce  a  structure  similar  to  that  of  the 
original  tubq  and  jacket,  it  is  not  believed  that  this  can  be  accom- 
plished by  slow  cooling,  regardless  of  the  temperature  of  heating. 

Reheating  the  original  metal  to  600°  C.  produced  no  change  in  the 
microstructure  or  in  the  hardness  as  determined  by  the  Brinell  test, 
and  from  this  it  seems  very  probable  that  the  metal  had  been  drawn 
at  or  above  600°  C.  after  quenching. 

Particular  attention  is  invited  to  the  static  tensile  tests  on  the 
tube  which  show  the  physical  properties  in  the  longitudinal  and  trans- 
verse directions  to  be  practically  identical  with  respect  to  the  yield 
1)oint  and  tensile  strength.  The  ductility  is  somewnat  better  in  the 
ongitudinal  direction,  but  is  good  in  the  transverse. 

Chemical  analysis  shows  that  "about  0.50  per  cent  chromium  was 

{present  in  both  the  tube  and  jacket.    No  other  alloying  element  was 
ound. 

MATERIAL. 

The  material  investigated  was  the  fragments  of  metal,  one  from  the 
tube  and  the  other  from  the  jacket  of  a  155-millimeter  French 
howitzer  which  burst  at  Fort  Sill,  Okla. 
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EXPERIMENTAL. 

The  experimental  work  involved  physical  tests,  microscopical 
examination,  chemical  analysis,  and  experimental  heat  treatment. 

Physical  Tests. 

Static  tensile  tests.— Tensile  test  specimens  could  be  obtained  from 
the  tube  only,  since  the  fragment  of  the  jacket  was  too  small.  Two 
specimens  were  obtained  from  the  tube,  one  longitudinal  and  the 
other  transverse.  The  specimens  were  0.505  inch  diameter  and  the 
gauge  length  was  1  inch.  The  results  of  the  tests  are  recorded  below 
in  Table  1. 

Table  1. — Static  tensile  tests  from  tube. 


Marks. 

Yield  point 
(pounds  per 
square  inch). 

Tensile 
strength 
(pounds  per 
square  Inch). 

Elongation 
in  1  inch 

(per  cent). 

Contrac- 
tion (per 
cent). 

L...., 

T 

67,000 
66,500 

107,000 
105,000 

ao.0 

28.0 

49.1 
43.3 

In  referring  to  these  tests,  particular  attention  is  directed  to  the 
fact  that  the  properties  in  the  transverse  and  longitudinal  direction 
are  practically  identical. 

Chirpy  impact  tests. — Four  standard  transverse  Charpy  specimens 
were  taken  from  the  tube  in  the  transverse  direction  and  one  was 
available  in  the  longitudinal  direction.  The  results  of  these  tests 
are  recorded  in  Table  2  below. 

Table  2. — Charpy  impact  tests. 


Marks. 

Foot-pounds 
absorbed  per 
square- inch. 

Average 
foot-pounds 
absorbed  per 
square  inch. 

* 

T-l 

63 
54 
45 

51 

'    41 

53 

T-2 

T-3 

T-4 

L 

The  above  tests  show  that  this  material  is  very  deficient  in  the  one 
property  most  essential  for  material  used  in  gun  construction,  viz, 
resistance  to  suddenly  applied  stresses.  Although  possessing  good 
strength  and  ductility,  as  shown  by  the  static  tensile  tests,  it  is 
brittle  under  sudden  impact. .  The  fracture  in  the  case  of  the  Charpj 
specimens  was  very  crystalline,  whereas  it  was  silky  on  the  static 
tensile  test  specimens. 

BrineU  hardness  tests. — Brinell  hardness  tests  were  obtained  on 
both  the  tube  and  jacket.  Eight  tests  were  made  on  the  tube  and 
five  on  the  jacket.  The  averages  of  these  two  series  of  tests  are 
shown  below. 

Average  Brinell  hardness  of  tube 213. 5 

'     Average  Brinell  hardness  of  jacket 189. 0 
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CHEMICAL  ANALYSIS. 


Complete  chemical  analysis  of  the  tube  and  jacket  was  made  in 
this  laboratory,  and  the  results  are  recorded  in  Table  3  below. 


* 

Table  3.— 'Chemical  composition*. 

Marks. 

c. 

Mil. 

Si. 

8. 

i 

P.       j      Nl. 

Or. 

*    Cu. 

Jacket 

Tube 

Percent. 

a  412 

.48 

Percent. 
a  45 
.53 

Percent. 
a  188 
.155 

Percent. 
0.017 
.032 

Percent. 
0.039 
.030 

Percent. 
None. 
None. 

Percent. 
0.66 
.51  ' 

Percent. 

0.082 

.06 

Tests  were  made  for  vanadium  and  molybdenum  also,  but  neither 
was  found  present  in  the  tube  or  jacket. 

Microscopic  Examination. 

A  number  of  specimens  were  prepared  and  examined  microscopic- 
ally. In  the  unetched  condition  examination  showed  the  metal  to 
be  clean  and  comparatively  free  from  nonmetallic  inclusions.  Etch- 
ing with  Stead's  reagent  disclosed  no  streaks  or  evidences  of  phos- 
phorus banding. 

Micrograph  No.  3848,  at  50  diameters,  shows  a  longitudinal  section 
of  the  jacket  etched  in  nitric  acid.  The  grains  are  very  large,  and 
for  material  of  this  composition  the  small  amount  of  free  ferrite 
around  the  boundary  of  the  grains  indicates  a  relative  rapid  rate  of 
cooling.  Consideration  of  the  large  grain  size,  together  with  the  dis- 
tribution of  the  excess  ferrite,  indicates  that  the  material  had  been' 
heated  to  a  high  temperature. 

Micrograph  No.  3849,  at  500  diameters,  was  taken  in  the  central 
part  of  one  of  the  large  grains  shown  in  micrograph  No.  3848.  The 
structure  here  depicted  was  doubtless  produced  by  an  excessively 
high  temperature,  to  which  the  metal  was  subjected  during  some 
operation.  This  structure  was  not  removed  by  any  subsequent  treat- 
ment during  the  process  of  manufacture. 

Micrograph  No.  3850,  at  500  diameters,  shows  the  interstitial  filling 
of  ferrite  between  two  of  the  large  grains,  and  also  the  extension  of 
the  ferrite  into  the  cleavage  planes  of  one  of  these  grains. 

Micrograph  No.  3851,  at  500  diameters,  shows  another  boundary 
line  of  ferrite  from  which  there  is  no  penetration  into  the  adjoining 
grains. 

A  series  of  experiments  was  planned  by  which  the  original  structure 
would  be  completely  destroyed  and  then  reproduced  if  possible.  A 
consideration  of  the  results  obtained  enables  one  to  draw  a  reason- 
able conclusion  regarding  the  temperature  and  rate  of  cooling  from 
that  temperature  which  produced  the  structures  shown  in  the  micro- 
graphs of  the  material  under  examination  as  received.  A  specimen 
approximately  1-inch  cube  was  annealed  one  hour  at  900°  C.  and 
furnace  cooled.  The  resulting  structure  is  shown  in  micrograph  No. 
3852,  at  50  diameters,  and  in  micrograph  No.  3853,  at  500  diameters. 
The  original  structure  is  completely  destroyed  and  the  normal  amount 
of  ferrite  has  been  rejected  from  the  original  austenite  grains.  The 
carbon  is  in  the  pearhtic  condition.    This  same  specimen  was  heated 
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to  1,150°  C,  held  at  that  temperature  10  minutes,  and  again  cooled 
in  the  air.  The  microstructure  resulting  from  this  treatment  is  shown 
in  micrograph  No.  3854,  at  50  diameters.  A  comparison  of  this  with 
the  structure  of  micrograph  No.  3848  illustrates  two  points:  First, 
the  temperature  employed  to  obtain  the  original  structure  is  either 
above  1,150°  C.  or,  if  not,  it  at  least  approximated  that  temperature, 
and  the  time  of  soaking  was  of  considerable  duration,  as  the  grain 
size  of  the  specimen  as  received  was  coarser  than  that  produced  in 
the  laboratory  by  heating  a  small  piece  to  1,150°  C.  for  10  minutes. 
In  the  second  place,  the  rate  of  cooling  of  the  jacket  itself  would 
seem  to  have  been  less  rapid  than  the  small  specimen  treated  in  the 
laboratory.  This  is  shown  by  the  presence  of  less  free  ferrite  in  the 
laboratory  treated  specimen  than  in  specimens  taken  from  the  jacket 
as  received. 

The  small  specimen  was  heated  to  900°  C.  and  cooled  in  different 
mediums,  but  in  no  case  was  a  structure  developed  which  was  at  all 
similar  to  the  original  one.  The  grain  size  produced  by  heating  to 
900°  C.  was  very  small  in  comparison  with  that  found  in  the  original 
tube  and  jacket.  Heating  to  1,150°  C.  and  holding  the  specimen  at 
that  temperature  for  one  hour,  followed  by  air  cooling,  gives  a  struc- 
ture very  similar  to  the  original.  Specimens  quencnea  in  oil  after 
being  heated  to  1,150°  C.  also  give  a  structure  decidedly  similar  to 
the  structure  as  received.  Reheating  any  of  the  air-cooled  specimens 
to  600°  C.  produced  no  structural  change  visible  under  the  micro- 
scope. The  Brinell  hardness  on  a  specimen  from  the  tube  after  oil 
quenching  from  1,150°  C.  and  drawing  at  600°  C.  was  250.  No 
Brinell  tests  were  made  on  the  jacket,  as  this  fragment  contained  so 
many  fine  cracks  that  it  was  impossible  to  obtain  accurate  results. 
Much  more  conclusive  and  interesting  tests  could  have  been  carried 
out  if  more  metal  had  been  available. 
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EXAMINATION  OF   SPIKDEE   FORGING. 


OBJECT. 

The  object  of  this  investigation  was  to  determine  the  chemical 
composition,  physical  properties,  and  microstructure  of  this  forging. 

EXPEBIMENTAL. 

The  physical  tests  obtained  on  this  forging  are  recorded  below. 
One  longitudinal  test  was  taken  from  stem  of  this  forging  and  two 
tan&ntial  tests  were  taken  from  the  head. 

Two  Charpy  bars  were  taken  adjacent  to  each  tensile  test.  The 
elastic  limit  is  slightly  higher  in  the  longitudinal  direction,  as  is  also 
the  tensile  strength,  elongation,  and  contraction.  The  ductility, 
however,  in  the  tangential  specimens  is  exceedingly  good.  The 
Charpy  values  obtained  upon  the  longitudinal  bars  is  exceptionally 
good,  as  is  also  the  value  obtained  upon  the  tangential  bars. 

The  chemical  analysis  of  this  forging  is  shown  below: 

Per  cent. 

Carbon ; 0. 28 

Manganese * 47 

Silicon Ill 

Sulphur 041 

Phosphorus 039 

.Nickel 3.15 

Chromium 62 

Microscopic  examination  of  this  forging  in  the  unetched  condition 
shows  the  metal  to  be  free  from  nonmetallic  inclusions. 

Micrograph  No.  3950,  at  50  diameters,  shows  the  structure  after 
etching  with  4  per  cent  nitric  acid.  Micrograph  No.  3951,  at  500 
diameters,  is  a  higher  magnification  of  the  structure  shown  in  micro- 
graph No.  3950. 

Tensile  tests. 


How  taken. 


Longitudinal 
Tangential.. 


Elastic  Limit 
(pounds  per 
square  inch). 

Tensile 

strength 

(pounds  per 

square  inch). 

Elongation 
(per  cent). 

Contraction 

of  area  (per 

cent). 

61,000 
68,000 
58,000 

100.000 
96,500 
96,000 

25.0 
24.0 
25.0 

62.3 
51.9 
54.6 

Charpy  tests. 


Test 

piece 

marks. 

Sice  specimen 
(millimeters). 

Dimensions. 

Sectional 

area 
(square 
inch). 

Charpy  test  results. 

Average 
values 
(foot- 
pounds 

per 
square 
inch). 

Width 
(inch). 

Thick- 
ness from 
bottom 
of  slot 
(inch). 

Excess 
angle. 

Foot- 
pounds 
absorbed. 

Foot- 
pounds 

per 
square 

Inch. 

18 
18 
28 
28 
38 
38 

10  by  10  by  55 
10  by  10  by  55 
10  by  10  by  55 

0.395 
5 

.305 
5 

.396 
6 

0.198 
7 

.198 
8 

.198 
8 

0.0782 

78 

.0782 

82 

.0782 

84 

126.1 
127.8 
136.2 
135.5 
135.9 
135.8 

35.64 
32.94 
20.50 
21.47 
20.91 
21.05 

455 
423 

262 
274 
267 
267 

\      439 
V       269 

}       267 
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EXAMINATION  OF  BSEECH-SIBfO  FOEGI1TGS  EECEIVED  FROM 

A  MANUFACTURER. 

OBJECT. 

The  object  of  this  investigation  was  to  determine  the  physical 
properties  of  the  two  breech-ring  forgings  in  several  planes,  ana  also 
to  obtain  a  number  of  Charpy  tests.  In  a  letter  from  the  inspector 
of  ordnance  at  the  plant  of  the  manufacturer,  this  arsenal  was 
informed  that  the  inspector  mentioned  above  had  been  directed 
to  forward  breech  ring  to  Watertown  Arsenal  with  instructions  that 
at  least  five  test  pieces  be  taken  from  it  in  various  places. 

EXPERIMENTAL. 

Two  breech-ring  forgings,  numbered  151055-B2-F2  and  151055- 
B2-F1,  were  received  from  the  manufacturer.  Slices  were  cut  from 
these  forgings,  and  tests  were  taken  from  these  slices  as  shown  on 
the  two  accompanying  sketches.  The  results  of  the  tensile  tests 
are  given  on  page  93  and  the  results  of  the  Charpy  tests  on  page  94. 
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Tensile  teste. 


FORGING  NO.  151055- B2-F1-  SLICES  1  AND  4. 


Marks. 

Elastic  limit 

(pounds  per 

square  inch). 

Tensile 

strength 

(pounds  per 

square  inch). 

Elongation 
(percent). 

Contrac- 
tion of area 
(per  cent). 

1 
2 
3 
4 

5 
6 

7 
8 

63,500 

59.000 

Missing. 

62,500 

60,500 

61,500 

63,500 

66,000 

96,500 
98,000 

95,500 
100,500 
97,000 
96,000 
99,000 

10.0 
19.5 

25.0 
23.5 
20.0 
23.0 
25.5 

24.0 
30.7 

41.9 
4a  3 
37.2 
40.3 
43.3 

FORGING  NO.  151055-B2-P2— SLICES  1  AND  4. 


9 

65,500 

99,000 

26.0 

43.3 

10 

59,500 

95,500 

24.5 

41.9 

11 

50,000 

97,500 

18.0 

30.7 

12 

65,000 

97,500 

17.5 

30.7 

13 

64,500 

100,500 

20.6 

40.3 

14 

63,500 

101,500 

20.0 

37.2 

15 

65,500 

100,000 

23.0 

43.3 

16 

66,500 

102,000 

19.0 

34.0 
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Charpy  testa. 
FORGING  NO.  151055-B2-F1. 


Test 

piece 

marks. 

Size 

specimen 

(millimeters). 

Dimensions. 

Section- 
al area 

(square 
inch). 

Charpy  test  results. 

Average 
value 
foot- 
pounds 

P« 

square 

Inch. 

Width 
(inch). 

Thick- 
ness 
from 
bottom 
of  slot. 

Excess 
angle. 

Foot- 
pounds 
absorbed. 

Foot- 
pounds 

Per 
square 

inch. 

BRl 
BR  2 
BR  3 
BR  4 
BR  5 
BR  6 
BR  7 
BR  8 

10  by  10  by  55 
10  by  10  by  55 
10  by  10  by  55 
10  by  10  by  55 
10  by  10  by  55 
10  by  10  by  55 
10  by  10  by  55 
10  by  10  by  55 

0.396 

6 
.396 

6 
.396 

6 
.396 

6 
.395 

6 
.396 

6 
.396 

6 
.395 

5 

0.197 

7 
.197 

6 
.197 

7 
.197 

7 
.198 

7 
.197 

8 
.197 

7 
.198 

8 

0.0780 

80 
.0780 

76 
.0780 

80 
.0780 

80 
.0782 

80 
.0780 

84 
.0780 

80 
.0782 

82 

143.9 
144.6 
146.1 
146.9 
141.9 
141.8 
143.5 
143.2 
142.1 
142.3 
142.8 
143.0 
142.0 
141.5 
142.9 
145.8 

10.72 

9.90 

8.18 

7.30 

13.10 

13.22 

11.19 

11.54 

12.86 

12.62 

12.02 

11.78 

12.98 

13.59 

11.90 

8.53 

137 
127 
104 
94 
168 
169 
143 
145 
164 
161 
154 
150 
166 
174 
152 
109 

}       132 

/        * 
V       166 

/       144 
}       162 

}       152 

}       170 

}       130 

FORGING  NO.  151055-B2-F2. 


BR  9 
BRIO 
BR  11 
BR  12 
BR  13 
BR  14 
BR  15 
BR  16 


10  by  10  by  55 
10  by  10  by  65 
10  by  10  by  55 
10  by  10  by  55 
10  by  10  by  55 
10  by  10  by  55 
10  by  10  by  55 
10  by  10  by  55 


0.396 

0.196 

0.0784 

143.0 

11.78 

150 

\       152 

5 

8 

82 

142.7 

12.14 

155 

.395 
5 

.197 

7 

.0778 

78 

139.9 
139.1 

15.60 
16.63 

200 

213 

|       206 

.395 
5 

.197 

7 

.0778 

78 

145.2 
146.4 

9.21 
7.85 

118 
101 

}       109 

.395 
5 

.197 

7 

.0778 
78 

145.1 
146.8 

9.32 
7.41 

119 
95 

}       107 

.395 
5 

.198 
8 

.0782 
82 

144.9 
144.9 

9.55 
9.55 

122 
122 

\       122 

.395 
6 

.198 
8 

.0782 

82 

142.0 
143.1 

12.98 
11.66 

165 
149 

>       157 

.395 

6 

.197 

7 

.0778 

78 

143.9 
143.8 

10.72 
10.83 

137 
139 

}       138 

.395 
5 

.197 

7 

.0778 
78 

144.0 
143.9 

10.60 
10.72 

136 
137 

|       136 

EXAXIVATIOV    OF    240-MILLIlfETEE    AVD    165-KLLIMETSB 

BECUPEBATOB  FOBGIVGS. 

OBJECT. 

The  object  of  this  investigation  was  to  take  a  number  of  test 
specimens  from  a  strip  to  be  cut  horizontally  from  a  section  of  the 
240-millimeter  howitzer  recuperator  forging.  Other  tests  were  to 
be  taken  from  strips  cut  midway  between  the  horizontal  axis  and 
the  top  and  bottom  faces.  In  a  later  request  some  tests  were 
requested  on  the  155-millimeter  recuperator  forgings.  The  labora- 
tory was  requested  to  secure  both  longitudinal  and  tangential  speci- 
mens from  a  number  of  accepted  forgings  furnished  this  arsenal  by 
a  private  manufacturer. 

MATERIAL. 

The  material  investigated  consisted  of  four  slices  taken  from 
240-millimeter  howitzer  forging  AA20,  heat  No.  17077;  four  slices 
from  240-millimeter  howitzer  forging  AA13,  heat  No.  17052;  two 
slices  from  155-millimeter  gun  recuperator  forging  AA21,  heat  No. 
16102;  and  four  slices  from  155-millimeter  gun  recuperator  forging 
AA33,  heat  No.  17115.  Two  longitudinal  and  two  transverse  oars 
were  also  taken  from  240-millimeter  howitzer  recuperator  forgings 
AA62,  AA91,  AA94,  and  AA133.  The  slices  referred  to  were  for- 
warded to  this  arsenal  from  the  works  of  the  manufacturer  by  the 
inspector  of  ordnance  at  that  place,  and  the  sketch  showing  the 
location  of  the  various  slices  which  the  manufacturer  furnished  is 
included  in  this  report.  Longitudinal  and  transverse  tests  reported 
on  herein  were  taken  from  accepted  forgings  received  at  this  arsenal 
from  the  manufacturer. 

EXPERIMENTAL. 

The  experimental  work  consisted  of  physical  tests,  including 
longitudinal  and  transverse  tensile  bars,  Charpy  bars,  and  Brineu 
hardness  determinations.  The  physical  tests  were  supplemented 
by  chemical  analyses  and  microscopical  examination. 

CONCLUSIONS. 

The  results  obtained  on  slices  A  and  B,  forging  AA20,  Tables  1 
and  2,  and  slice  A,  forging  AA13,  show  that  it  is  possible  to  meet  the 
specifications  prescribed  for  this  forging,  namely — 

Elastic  limit 42,000  pounds  per  square  inch. 

Tensile  strength 80,000  pounds  per  square  inch. 

Elongation 12  per  cent. 

Contraction 20  per  cent. 

05 
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The  tensile  strength  in  some  cases  is  lower  than  that  which  is 
required,  but  the  elongation  and  contraction  are  far  in  excess  of 
the  requirements. 

The  results  obtained  on  the  155-millimeter  recuperator  forging 
AA33,  slice  A,  Table  6,  and  forging  AA21,  slice  A,  Table  7,  also 
show  that  it  is  possible  for  the  manufacturer  to  meet  the  specifica- 
tions prescribed  for  the  155-millimeter  gun  recuperator  forging. 
The  elongation  and  contraction  obtained  upon  specimens  taken 
from  these  two  forgings  were  most  excellent.  Brinell  hardness 
determinations  and  actual  machine  operations  at  this  arsenal  prove 
that  the  forgings  in  question  are  easily  machinable,  and  that  no 
difficulty  is  encountered  in  this  respect  as  soon  as'  the  scale  has  been 
removed. 

Comparing  Table  3  with  Tables  1  and  2,  it  will  be  noted  that  very 
little  difference  existed  between  the  longitudinal  and  transverse 
tests  on  forging  AA20.  The  average  yield  point  of  22  specimens 
taken  from  slice  A,  forging  AA20,  was  46,500  pounds,  the  tensile 
strength  75,070  pounds,  the  elongation  29.1  per  cent,  and  the  con- 
traction 67  per  cent.  The  average  yield  point  of  slice  B,  forging 
AA20,  was  50,900  pounds,  tensile  strength  77,565  pounds,  elongation 
29.4  per  cent,  and  contraction  67.0  per  cent.  Five  longitudinal 
specimens  taken  from  forging  AA20  gave  an  average  yield  point  of 
52,400  pounds  per  square  inch;  tensile  strength,  78,800  pounds  per 
square  mch;  elongation,  28.9  per  cent;  contraction,  69.2  per  cent. 
Both  the  yield  point  and  the  tensile  strength  are  slightly  higher  for 
the  longitudinal  specimens  than  for  the  transverse  specimens  taken 
from  slices  A  and  B. 

Four  specimens  taken  from  slice  A,  240-millimeter  forging  AA13, 
show  an  average  yield  point  of  46,875  pounds  per  square  inch;  ten- 
sile strength,  79,750  pounds  per  square  inch;  elongation,  22.7  per 
cent;  ana  contraction  of  area  of  57.1  per  cent. 

The  yield  point  for  specimens  taken  from  forging  AA33  was  49,800 
pounds  per  square  inch;  tensile  strength,  84,400  pounds  per  square 
inch;  elongation,  25.9  per  cent;  and  contraction,  61.2  per  cent.  Speci- 
mens taken  from  155-millimeter  forging  AA21  gave  the  following 
average  values: 

Yield  point 55,050  pounds  per  square  inch. 

Tensile  strength .' 87,000  pounds  per  square  inch. 

Elongation 22.2  per  cent. 

Contraction 52.9  per  cent. 

The  Charpy  tests  taken  on  slices  A  and  B  from  recuperator  forg- 
ing AA20  show  most  excellent  results.  The  minimum  average 
value  obtained  in  any  location  was  276  foot-pounds,  whereas  the 
maximum  average  value  was  500  foot-pounds.  A  reference  to 
Table  8,  showing  the  results  obtained  upon  two  longitudinal  and 
two  transverse  tests  from  each  of  four  forgings,  will  show  that  there 
is  no  consistent  relation  between  the  results  of  longitudinal  and 
transverse  tests. 

RESULTS. 

The  drawing  on  page  97,  furnished  by  the  inspector  of  ordnance 
at  the  manufacturer's  pliant,  shows  the  location  of  the  various  slices 
examined.    A  detailed  study  of  slices  A  and  B  was  made  on  forging 


INVESTIGATIVE  TESTS. 


97 


AA20.  The  slices  were  laid  out  in  the  same  manner  as  the  rough 
forging  would  have  been  for  machining  purposes.  Test  specimens 
were  men  located  around  the  cylinder  walls,  and  also  in  the  three 
planes  mentioned  in  the.  object  of  this  report.  The  location  of  the 
various  specimens  in  slices  A  and  B  is  well  illustrated  by  the  draw- 
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ings  on  pages  98  and  99.  The  results  obtained  upon  the  tensile 
specimens  are  given  in  Tables  1  and  2,  page  100,  whereas  the  results 
obtained  upon  the  Charpy  bars  are  given  m  Table  10,  page  106. 

A  longitudinal  slab  was  also  cut  from  forging  AA20  and  five 
tensile  specimens  taken  therefrom.  The  results  obtained  upon 
these  specimens  are  given  on  page  100.    It  is  evident  from  these 
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results  that  very  little  difference  exists  in  this  forging  between  the 
longitudinal  and  transverse  physical  properties. 

Four  specimens  were  taken  from  forging  AA13,  slice  A,  as  follows: 
Specimens  64  and  65  taken  at  right  angles  to  specimens  66  and  67, 
specimens  64  and  67  being  near  the  edge  of  the  slice  and  specimens 


65  and  66  near  the  center  of  the  slice.  The  results  of  the  four  tests 
mentioned  are  given  in  Table  4,  page  101.  It  is  evident  from  these 
results,  together  with  those  referred  to  above,  on  slices  from  AA20, 
that  it  is  entirely  possible  to  meet  the  specifications  prescribed  on 
transverse  tests  for  the  recuperator  forgings. 
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Table  1. — Tests  on  slice  A,  forging  AA20. 


Specimen  No. 


1 

2 

3 

4 

5 

6 

7 

8 

0 

10 

11 

12 „ 

13 

14 

15 

16 

17 

18 

10 

20 

21 

22 

Mean  values 


Yield 

point 

(pounds 

per  square 

inch). 


46,600 
40,600 
40,000 
40,600 
43,600 
43,600 
44,600 
41,600 
53,500 
30,500 
40,000 
48,000 
40,600 
44,600 
41,500 
54,000 
42,000 
52,000 
30,500 
40,500 
54,000 
40,000 


46,500 


Tensile 

strength 

(pounds 

per  square 

inch). 


75,000 
76,000 
76,000 
72,000 
70,000 
74,000 
74,000 
75,000 
75,000 
75,500 
74,000 
77,000 
77,000 
75,000 
74,000 
82,600 
73,000 
78,500 
66,000 
77,000 
70,000 
76,000 


75,070 


Elonga- 
tion (per 
cent). 

Contrac- 
tion of 

Brinell 

area  (per 
cent). 

hardness. 

30.5 

67.0 

156 

31.0 

60.2 

156 

20.5 

60.2 

156 

3a  0 

67.0 

140 

34.0 

67.0 

137 

26.0 

67.0 
64.7 
67.0 
67.0 
60.2 

20.0 

30.5 

25.5 

20.5 

163 

20.5 

67.0 
60.2 

3a  5 

i40 

20.5 

67.0 

150 

20.0 

67.0 

143 

20.5 

67.0 

140 

27.5 

62.3 

163 

20.0 

6X3 

143 

26.5 

60.2 

163 

20.5 

67.0 
67.0 
67.0 
67.0 

20.0 

20.0 

25.0 

163 

20.1 

67.0 

Appearance  of  fracture. 


Silky. 

Do. 

Do. 

Do. 

Do. 

Da 

Da 

Do. 

Da 

Do. 

Do. 
Silky  cup  and  cone. 

Do. 

Da 

Da 

8Ukfc>. 

Da 
Do. 
Do. 
Do. 
Da 


Nos.  1  to  22,  inclusive,  from  breech  end  of  forging. 

Table  2.— Tests  on  slice  B,  forging  AAtO. 


Specimen  No. 


38 

30 

40 

41 

42 

43 

44 

45 

46 

47 

48 

40 

50 

61 

52 

Mean  values 


Yield 

point 

(pounds 

per  square 

inch). 


40,500 
40,500 
50,500 
50,500 
40,000 
51,000 
60,500 
52,500 
52,500 
50,500 
50,500 
52,000 
50,600 
52,500 
52/000 


50,000 


Tensile 

strength 

(pounds 

per  square 

inch). 


77,000 
78,000 
78,000 
77,000 
76,600 
77,000 
77,600 
70,000 
78,500 
77,000 
77,000 
78,500 
75,500 
78,500 
78,500 


77,565 


Elonga- 
tion (per 
cent). 


20.6 
30.5 
20.5 
20.5 
31.0 
30.0 
20.5 
20.5 
30.0 
20.5 
20.5 
20.5 
26.0 
27.5 
20.5 


20.4 


Contrac- 
tion of 

area  (per 
cent). 


67.0 
67.0 
67.0 
67.0 
67.0 
67.0 
67.0 
67.0 
67.0 
67.0 
60.2 
67.0 
64.7 
60.2 
67.0 


Brinell 
hardness. 


150 


166 


156 


163 


67.0 


156 
150 


Appearance  of  fracture. 


Silky. 

Do. 

Da 

Da 

Da 

Do. 
Silky  cup  and 
8ilky. 

Do. 

Da 

Da 

Da 

Do. 

Do. 

Da 


Nos.  38  to  52,  inclusive,  from  mussle  end  of  forging. 

Table  3. — Forging  AAtO — Tests  taken  in  longitudinal  direction  from  slab  cut  from 

forging. 


Specimen  No. 


50 

60 

61 

62 

63 

Mean  valuess 


Yield 

point 

(pounds 

per  square 

inch). 


52,000 
52,500 
51,500 
52,600 
53,500 


52,400 


Tensile 

strength 

(pounds 

per  square 

inch). 


78,000 
70,500 
78,000 
79,000 
79,500 


78,800 


Contrac- 

Elonga- 

tion of 

tion  (per 
cent). 

area 

(per 

cent). 

29.5 

60.2 

20.0 

60.2 

30.0 

60.2 

30.0 

60.2 

26.0 

60.2 

28.0 

60.2 

Appearance  of  fracture. 


Silky  cup  and  cone. 
Do. 
Do. 
Do. 
Do. 


Nos.  50  to  63,  inclusive,  from  bar  taken  below  line  between  recuperator  and  right  brake  cylinders. 
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No. 

Location  of  specimen. 

Yield 

point 

(pounds 

per 
square 
inch). 

Tensile 
strength 
(pounds 

per 
square 
inch). 

Elonga- 
tion 
(per 

cent). 

Contrac- 
tion of 

area 

(per 
cent). 

Brinell 
hardness. 

Appearance 
of  fracture. 

12-64 

12-65 

12-66 
12-67 

Forging  A  A 13  A,  near 

edge  of  slice. 
Forging  AA13A,  near 

center  of  slice. 
do 

48,500 

45,000 

44.500 
49,500 

79,500 

79,500 

80,500 
79,500 

22.0 

21.0 

23.5 
24.5 

57.2 

54.6 

54.6 
62.3 

150 

140 

175 
179 

Silky. 

Do. 

Do. 
Do. 

Forging  A  A 13  A,  ncai 
edge  of  slice. 

46,875 

79,750 

22.7 

57.1 

The  more  elaborate  study  carried  out  on  the  240-millimeter  forcings 
was  not  conducted  on  the  155-millimeter  forgings.  %  Slices  from  AA21 
and  AA33  were  selected  and  specimens  for  test  located  as  indicated 
on  the  drawings  on  page  102.  The  results  obtained  upon  these  speci- 
mens are  given  in  Tables  6  and  7,  page  103.  Again,  it  is  evident  that 
the  physical  properties  called  for  in  the  specifications  can  be  obtained. 

As  it  was  iurtner  requested  by  the  Ordnance  Office  that  additional 
information  be  obtained  as  to  the  relation  between  longitudinal  and 
transverse  tests,  four  accepted  forgings  were  selected  and  two  longi- 
tudinal and  two  transverse  tests  taken  from  the  breech  end  of  each. 
Two  longitudinal  specimens  were  obtained  by  drilling  horizontally 
into  the  brake  cylinder  and  two  transverse  specimens  obtained  by 
drilling  from  the  bottom  of  the  forging  into  tne  brake  cylinder,  the 
ends  of  the  transverse  and  longitudinal  specimens  intersecting.  The 
results  of  the  transverse  tests  on  forging  AA62  and  AA91  were  satis- 
factory, but  one  transverse  test  on  forging  AA94  failed  in  elongation, 
and  another  transverse  test  from  forging  AA133  failed  both  in  elonga- 
tion and  contraction.  The  erratic  results  obtained  on  the  transverse 
specimens  in  forging  AA133  and  AA94  indicated  "  dirty  metal,"  and 
tnis  was  further  confirmed  by  microscopic  examination,  report  of 
which  occurs  later.  The  results  of  the  tests  on  the  four  forgings 
referred  to  above  are  given  in  Table  8,  page  104. 

A  great  deal  of  discussion  has  arisen  regarding  these  forgings, 

Sertaining  to  their  machinability  and  probable  surface  hardness, 
ue  to  the  manner  in  which  they  are  treated.  Forging  AA13,  slice 
A,  was  selected  for  a  series  of  6rinell  tests.  Table  4,  above,  gives 
results  of  a  series  of  Brinell  readings  taken  on  horizontal  and  vertical 
middle  lines  of  the  forging  referred  to.  It  will  be  noted  that  at  a 
distance  of  one-half  inch  from  the  surface  the  Brinell  hardness  was 
163,  whereas  at  the  middle  of  the  forging  the  Brinell  hardness  was 
177.  On  the  horizontal  line  one-half  inch  in  from  the  surface  the 
Brinell  hardness  was  178  and  in  the  center  of  the  forging  170.  From 
these  results  it  can  be  stated  quite  positively  that  the  Brinell  hardness 
throughout  the  entire  section  of  the  forging  examined  was  very  uni- 
form. This  is  further  proven  by  a  number  of  isolated  Brinell  tests 
taken  on  the  other  forgings  which  were  examined.  As  previously 
stated  in  the  conclusions  of  this  report,  it  is  believed  that  any 
machining  troubles  encountered  in  the  forgings  made  by  the  manu- 
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eicturer  were  due  to  scale  troubles  rather  than  hard  metal  caused 
y  any  treatment  operation.  This  statement  is  further  proven  by 
he  actual  machining  operations  at  this  arsenal. 
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Tablb  6. — TensUe  tests  on  155-millimeter  recuperator  forging  A  ASS  A,  slice  A. 


No. 

Location  of  specimen. 

Yield 

point 

(pounds 

per 
square 
inch). 

TensUe 
strength 
(pounds 

per 
square 
inch). 

m 

Elon- 
gation 
(per 
cent). 

Con- 
traction 
of  area 

(per 
cent). 

Bri- 
nell 
hard- 
ness. 

Appearance  of 
fracture. 

88 
69 
70 
71 
72 
73 
74 
75 
78 

Forging  AA33A,  upper  | 

line  near  one  edge. 
Forging  AA33A,  upper  J 

line  near  center. 
Forging  AA33A,  upper  1 

line  near  other  edge. 
Forging  AA33A,   middle 

line  near  one  edge. 
Forging    AA33A    middle 

line  near  center. 
Forging    AA33A    middle 

line  near  other  edge. 
Forcing  AA33A  lower  | 

line  near  one  edge. 
Forging  AA33A  lower  f 

line  near  center. 
Forging  AA33A  lower  | 

line  near  other  edge. 

Mean  Values 

49,500 
50,000 
49,500 
52,000 
47,500 
47,000 
52,500 
51,000 
49,500 

84,500 
84,500 
84,500 
86,000 
84,500 
81,500 
85,000 
84,500 
84,500 

25.5 
28.0 
24.5 
25.0 
25.0 
24.5 
26.0 
28.5 
26.0 

62.3 
62.3 
59.8 
59.8 
57.2 
62.3 
62.3 
62.3 
62.3 

175 
175 
171 
175 
171 
187 
179 
175 
175 

Silky  cup  and 
cone. 
Do. 

Do. 

Do. 

Da 

Do. 

Do. 

Do. 

Do. 

49,800 

84,400 

25.8 

61.1 

Table  7. — 155-millimeter  recuperator  forging  AA£1,  slice  A. 


No. 

Location  of  specimen. 

Yield 

point 

(pounds 

per 
square 
inch). 

TensUe 
strength 
(pounds 

per 
square 
inch). 

Elon- 
gation 
(per 
cent). 

Con- 
traction 
of  area 

(per 
cent). 

Bri- 
nell 
hard- 
ness. 

Appearance  of 
fracture. 

86 
87 
88 

89 
90 
91 
82 
93 
94 

Forging  AA21A,  upper  | 

line  near  one  edge. 
Forging  AA21A,  upper  f 

line  near  center. 
Forging  AA21A,  upper  f 

line  near  other  edge. 
Forging    AA21A    middle 

line  near  one  edge. 
Forging   AA21A    middle 

line  at  center. 
Forging    AA21A    middle 

line  near  other  edge. 
Forging  AA21A  lower  f 

near  one  edge. 
Forging  AA21A  lower  f 

near  center. 
Forging  AA21A  lower  | 

near  other  edge. 

Mean  values 

56,000 
54,000 
53,000 
53,000 
53,500 
56,000 
55,500 
55,000 
59,500 

88,000 
85,000 
85,000 
87,000 
87,500 
87,500 
87,000 
87,000 
89,000 

23.5 
25.0 
21.0 
24.0 
21.5 
20.5 
20.0 
20.0 
24.5 

57.2 

50.8' 

46.2 

57.2 

59.8 

51.9 

49.1 

4a  3 

54.6 

183 
175 
187 
175 
183 
183 
183 
183 
179 

Silky. 
Da 
Da 
Do. 
Da 
Da 
Do. 
Da 
Da 

55,050 

87,000 

22.2 

52.9 
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Table  8. — Companion  of  longitudinal  and  transverse  Vests  on  four  t40*nill\meUr  recu- 
perator forging*. 


Specimen 
No. 

Location  of  test. 

Yield 

point 

(pounds 

per 
square 
inch). 

Tensile 
strength 
(pounds 

per 
square 
inch). 

Elonga- 
tion 
(per 

cent). 

Contrac- 
tion of 
area 
-(per 
cent). 

Brinell 
hard- 
ness. 

Appearance 
of  fracture. 

AA62-1L... 
AA62-2L... 

Forging  AA62,  lon- 
gitudinal  near 
breech. 

do 

44,500 
44,000 

81,500 
80,000 

32.0 
30.5 

67.0 
67.0 

159 
153 

Lamellar, 
oblique. 

Do. 

Do. 
Do. 

Silky. 
Do. 

Lamellar. 
Do. 

Silky. 
Do. 

Lamellar. 
Do. 

Silky. 
Do. 

Do. 
Lamellar. 

AA62-1T... 
AA62-2T... 

Average 

Forging  A  A62,  trans- 
verse near  breech. 
do 

44,250 

80,750 

31.25 

67.0 

44,000 
44,000 

77,500 
75,000 

19.5 
19.5 

34.0 
27.4 

149 
153 

AA91-1L... 
AA91-2L... 

Forging  AA91,  lon- 
eitudinal  near 
breech. 

do 

44,000 

77,750 

19.5 

30.7 

55,000 
56,500 

90,000 
90,500 

25.0 
25.0 

54.6 
57.2 

171 
179 

AA91-1T... 
AA91-2T... 

Forging  A  A91,  trans- 
verse near  breech. 
do 

55,750 

90,250 

25.0 

55.9 

53,500 
53,500 

84,500 
86,000 

15.0 
11.6 

34.0 
24.0 

159 
163 

AA94-1L... 
AA94-2L... 

Forging  AA94,  lon- 
gitudinal at  breech 
end. 

do 

53,500 

85,250 

13.2 

29.0 

49,500 
51,000 

83,000 
84,500 

29.0 
26.0 

64.7 
57.2 

153 
156 

AA94-1T... 
AA94-2T... 

Forging  A  A94,  trans- 
verse breech  end. 
do 

50,250 

83,750 

27.5 

60.0 

49,000 
48,000 

77,000 
75,500 

13.0 
10.5 

27.4 
27.4 

163 
159 

AA133-1L.. 
AA133-2L 

AA133-1T.. 
AA133-2T.. 

Forging  AA133,  lon- 
gitudinal,   breech 
end. 

do 

48,500 

76,250 

11.7 

27.4 

47,500 
42,000 

81,000 
75,000 

26.0 
25.0 

57.2 
46.2 

156 
131 

Average 

Forging  AA133. 
transverse  breech 
end. 
do 

44,740 

78,000 

25.5 

51.7 

50,500 
49,500 

82,500 
80,000 

21.0 
8.0 

46.2 
13.3 

159 
163 

Average 

50,000 

81,250 

14.5 

29.7 
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Table  5. — Brinell  tests  on  t40-nUUimeter  howitzer  recuperator  forging*  AA13,  slice  A. 


Location  of  test. 


Forging  AA13A,  on  vertcial  middle 

line  £5  inch  from  top 

Forging  A  A13  A,  on  vertical  middle 

line  1.5  inches  from  top 

Forging  AA13A,  on  vertical  middle 

line  X5  inches  from  top 

Forging  AA13A,  on  vertical  middle 

line  3.5  inches  from  top 

Forging  AA13A,  on  vertical  middle 

line  4.5  inches  from  top 

Forging  AA13A,  on  vertical  middle 

line  5.5  inches  from  top 

Forging  AA13A,  on  vertical  middle 

line  0  inches  from  top 

Forging  AA13A,  on  vertical  middle 

line  7  inches  from  top 

Forging  AA13A,  on  vertical  middle 

line  8  inches  from  top 

Forging  AA13A,  on  vertical  middle 

line  9  inches  from  top 

Forging  AA13A.  on  vertical  middle 

line  10  inches  from  top 

Forging  AA13A.  on  vertical  middle 

line  11  Inches  from  top 

Forging  AA13A.  on  vertical  middle 

line  12  inches  from  top 

Forging  AA13A.  on  vertical  middle 

line  13  inches  from  top 

Forging  AA13A.  on  vertical  middle 

line  14  inches  from  top 

Forging  AA13JL  on  vertical  middle 

line  15  inches  from  top 

Forging  AA13A.  on  vertical  middle 

line  10  inches  from  top 

Forging  AA13A.  on  vertical  middle 

line  17  inches  from  top 

Forging  AA13A,  on  vertical  middle 

line  17.5  inches  from  top 

Length  of  vertical  middle  line  was 

lSinches. 


Brinell 
hardness. 


163 
163 
171 
171 
165 
163 
163 
167 
165 
163 
168 
168 
173 
171 
171 
171 
165 
170 
177 


Location  of  test. 


Forging  AA13A.  on  horizontal  mid- 
dle line  0.5  inch  from  left  end 

Forging  AA13A.  on  horizontal  mid- 
dle line  1.5  Inches  from  left  end — 

Forging  AA13A,  on  horizontal  mid- 
die  lme  2.5  inches  from  left  end — 

Forging  AA13A.  on  horizontal  mid- 
dle line  3.5  inches  from  left  end — 

Forging  AA13A.  on  horizontal  mid- 
dle line  4.5  inches  from  left  end 

Forging  AA13A,  on  horizontal  mid- 
dle line  5.5  inches  from  left  end  . . . 

Forging  AA13A.  on  horizontal  mid- 
dle line  6,5  inches  from  left  end 

Forging  AA13A.  on  horizontal  mid- 
dle line  7.5  inches  from  left  end — 

Forging  A  A13A.  on  horizontal  mid- 
dle lme  8.5  inches  from  left  end — 

Forging  AA13A.  on  horizontal  mid- 
dle line  9.5  inches  from  left  end — 

Forging  AA13A,  on  horizontal  mid- 
dle line  10.5  inches  from  left  end. . . 

Forging  AA13A,  on  horizontal  mid- 
dle lme  11.5  inches  from  left  end. . . 

Forging  AA13A,  on  horizontal  mid- 
die  line  12.5  inches  from  left  end. . . 

Forging  AA13A,  on  horizontal  mid- 
dle lme  13.5  Inches  from  left  end. . . 

Forging  AA13A,  on  horizontal  mid- 
dle line  14.5  inches  from  left  end.. . 

Forging  AA13A,  on  horizontal  mid- 
dle lme  15.5  inches  from  left  end. . . 

Forging  AA13A,  on  horizontal  mid- 
dle lme  16.5  inches  from  left  end 

Forging  AA13A,  on  horizontal  mid- 
dle lme  17.5  inches  from  left  end. . . 

Forging  AA13A,  on  horizontal  mld- 
dfe  lme  18.5  inches  from  left  end. . . 

Forging  AA13A,  on  horizontal  mid- 
dle lme  19.5  inches  from  left  end. . . 

Forging  AA13A,  on  horizontal  mid- 
dle lme  20.5  inches  from  left  end. . . 

Forging  AA13A,  on  horizontal  mid- 
dle lme  21.5  Inches  from  left  end. .. 

Forging  AA13A,  on  horizontal  mid- 
dle line  22.5  inches  from  left  end. . . 

Forging  A  A 13  A,  on  horizontal  mid- 
dle lme  23.5  Inches  from  left  end. . . 

Forging  AA13A,  on  horizontal  mid- 
dle lme  24.5  inches  from  left  end. .. 

Forging  AA13A,  on  horizontal  mid- 
dle lme  25.5  inches  from  left  end. .. 

Forging  AA13A,  on  horizontal  mid- 
dle lme  26.5  inches  from  left  end. .. 

Forging  AA13A,  on  horizontal  mid- 
dle line  27.5  inches  from  left  end. . . 

Length  of  horizontal  middle  line  28.5 
inches. 


Brinell 
hardness. 


178 
163 
166 
172 
169 
172 
173 
175 
172 
104 
161 
163 
151 
162 
165 
155 
158 
159 
157 
163 
171 
169 
166 
170 
170 
170 
165 
171 


It  was  also  considered  desirable  in  the  study  of  these  forgings  to 
make  a  number  of  chemical  analyses  to  determine  the  extent  of 
segregation  and  their  general  uniformity. 

The  chemical  analyses  given  in  Table  9,  page  106,  are  not  only  of 
interest  when  studied  in  this  connection,  but  also  in  their  relation  to 
the  physical  tests.  Considering  first  forging  AA20,  it  will  be  noted 
that  practically  no  segregation  existed,  and,  furthermore,  the  carbon 
was  low.  The  above  statement  applies  with  equal  force  to  forging 
AA13. 

Forgings  AA33  and  AA21  are  both  higher  in  carbon  than  forgings 
AA20  and  AA13. 


,s> '        «  ft!?®  IfifKns' 


,  which  were  240-millimeter 
.on  is  high,  whereas  forgings 
-bon  and  corresponded  more 


rlSi^K^lHH^-"001^6^  m  detail  m  Table  10, 
*Sl3C?§yfiM»i;»nenB  are  shown  in  the  draw- 


INVESTIGATIVE  TESTS.  107 

Microscopical  Examination. 

Microscopic  examination  was  made  of  specimens  taken  from  both 
the  inside  and  outside  of  the  muzzle  end  and  of  the  breech  end  of 
these  forgings.  In  the  unetched  condition  the  metal  was  clean  and 
free  from  nonmetallic  inclusions,  with  one  or  two  possible  exceptions, 
where  a  very  large  slag  inclusion  was  found  which  will  be  referred  to 
later. 

Micrograph  No.  4400,  at  50  diameters,  shows  the  structure  of  speci- 
men 12W-42,  which  was  taken  from  the  central  portion  of  the 
muzzle  end  of  a  240-millimeter  recuperator  forging  after  etching  with 
4  per  cent  nitric  acid.  This  same  structure  more  highly  magnified 
is  shown  in  micrograph  No.  4401,  at  500  diameters. 

Micrograph  No.  4402,  at  50  diameters,  shows  the  structure  of  speci- 
men 12W-51,  taken  near  the  outside  of  the  muzzle  end  of  the  same 
forging  from  which  micrographs  No.  4400  and  No.  4401  were  taken. 
This  micrograph  shows  the  metal  near  the  outside  to  have  been 
affected  a  great  deal  more  by  the  forging  and  heat-treating  operations 
than  was  the  metal  of  the  inside  portion  shown  in  the  previous  micro- 
graphs. Micrograph  No.  4403,  at  500  diameters,  shows  the  same 
structure  as  No.  4402,  only  more  highly  magnified. 

Micrograph  No.  4404,  at  50  diameters,  shows  the  structure  of  speci- 
men 12 W-5,  taken  near  the  central  portion  of  the  breech  end  of  this 
same  forging.  This  portion  of  the  forging  was  less  affected  by  the 
mechanical  and  heat-treating  operations  tnan  the  central  portion  of 
the  muzzle  end  shown  in  micrograph  No.  4400.  This  is  to  be  ex- 
pected, since  the  breech  end  is  very  much  larger  than  the  muzzle  end. 
Micrograph  No.  4405  shows  the  same  structure  as  is  shown  in  micro- 
graph No.  4404,  only  magnified  500  diameters. 

Micrograph  No.  4406,  at  50  diameters,  shows  the  structure  near  the 
outside  of  the  breech  end  of  this  forging.  This  portion  has  received 
a  great  deal  more  mechanical  work  and  nas  been  affected  much  more 
by  the  heat-treating  operations  than  the  central  portion  shown  in 
micrograph  No.  4404.  Micrograph  No.  4407,  at  500  diameters, 
shows  the  same  structure  as  No.  4406,  only  at  a  higher  magnification. 

Micrograph  No.  4418,  at  50  diameters,  shows  the  structure  of 
another  forging.  This  was  taken  near  the  breech  end  of  forging 
AA94.  This  micrograph  was  taken  from  one  end  of  a  tensile  test 
specimen  and  judging  from  the  microstructure  here  shown  it  is  be- 
lieved that  it  was  the  inside  end  of  the  tensile  specimen  that  was 
examined,  since  the  outside  end  would  have  been  near  enough  the 
surface  of  the  forging  to  have  shown  a  structure  more  nearly  like  that 
of  micrographs  No.  4402  and  No.  4406.  Micrograph  No.  4419  shows 
the  same  structure  as  that  shown  in  No.  4418,  only  magnified  500 
diameters. 

Micrograph  No.  4420,  at  50  diameters,  shows  the  structure  found 
in  specimen  AA21A,  which  was  taken  from  the  breech  end  of  a  155- 
millimeter  recuperator  forging.  The  structure  of  this  forging  was 
found  to  be  the  same  at  both  the  outside  and  the  inside  portions  and 
is  represented  by  this  micrograph.  This  can  be  accounted  for  since 
the  forging  is  much  smaller  than  that  used  for  the  240-millimeter 
shown  m  the  previous  micrographs.  Micrograph  No.  4421,  at  500 
diameters,  is  a  higher  magnification  of  the  structure  shown  in  micro- 
graph No.  4420. 
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Micrograph  No.  4422,  at  50  diameters,  shows  the  structure  found 
in  specimen  AA133-2T.  This  was  a  transverse  test  specimen  and 
therefore  the  surface  examined  was  in  the  longitudinal  direction  of 
the  forging.  This  specimen  was  taken  from  the  breech  end  of  another 
240-millimeter  forging  and  shows  a  tendency  for  the  ferrite  and  the 
constituent  containing  carbon  to  be  streaked.  Micrograph  No.  4423, 
at  500  diameters,  is  a  more  highly  magnified  view  of  the  structure 
shown  in  micrograph  No.  4422.  In  this  specimen  a  number  of  slag 
inclusions  were  found  and  one  of  these  is  shown  in  micrograph  No. 
4424,  at  500  diameters.  It  will  be  seen  to  be  very  large  in  comparison 
with  slag  inclusions  ordinarily  found.  That  this  is  not  a  sulphide 
inclusion  was  proven  by  etching  with  boiling  sodium  picrate  solution, 
which  process,  according  to  Comstock,  darkens  inclusions  of  sulphide. 
Etching  this  specimen  by  that  same  method  produced  no  visible 
change  in  the  inclusion.  Micrograph  No.  4399,  at  50  diameters,  was 
taken  near  the  edge  of  a  specimen  from  the  forging  in  order  to  show 
the  depth  of  decarburization  which  takes  place.  As  will  be  seen 
from  tnis  micrograph,  the  surface  is  decarburized  materially  to  a 
depth  of  approximately  0.02  inch. 

in  addition  to  the  microscopic  examination  referred  to  above;  a 
macroscopic  examination  was  also  made.  Slices  A  and  B  from  forging 
AA113  were  etched  with  strong  hydrochloric  acid.  This  developed 
a  central  area  surrounded  by  lines  which  were  roughly  elliptical.  On 
account  of  the  difficulty  of  securing  this  appearance  on  dry  speci- 
mens, no  photographs  were  taken.  The  forging  examined  was  ex- 
ceptionally free  from  sponginess  in  the  center. 
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BROKE*  HIGH-SPEED   STEEL  TOOL. 

OBJECT. 

The  object  of  this  investigation  was  to  determine  the  cause  of 
failure  of  a  high-speed  steel  lathe  tool  which  failed  soon  after  being 
put  in  service. 

conclusions. 

It  is  the  conclusion  of  the  metallurgical  division  of  this  arsenal 
that  the  cause  of  failure  of  this  tool  was  due  to  two  causes.    First, 


A  B,  original  top  of  point  of  tool  which  was  fractured ; 
A  C,  ground  down  from  A  B  part  way  through  frac- 
ture for  micro-examination.  A  F,  D  B,  line  of  cut, 
Examined  surface,  A  C,  D  F. 


Plane  D  F,  showing  cracks 
in    surface. 


the  hardening  temperature  was  excessively  high,  as  shown  by  micro- 
graph No.  3882,  and  second,  the  tool  was  not  uniformly  heated 

throughout,  as  can  be  seen  by  com- 
paring micrograph  No.  3882  with 
No.  3883.  Due  to  the  fact  that  the 
interior  cracks  observed  in  this  tool 
were  intercrystalline,  it  would  ap- 
pear that  their  development  oc- 
curred either  during  or  after  the 
Juenching  from  the  hardening  heat, 
t  is  not  believed  that  the  failure 
of  this  tool  was  due  to  either  de- 
fective forging  or  bad  stock. 

,     M  MATERIAL. 

Plane  A  C,  showing  surface  examined 

close  to   fracture.  __.  .   ,  .  ,.      ,     , 

The  material  investigated  was  a 
high-speed  steel  lathe  tool  which  failed  in  service  at  this  arsenal. 
The  point  of  this  tool  fractured  soon  after  being  put  into  service. 

EXPERIMENTAL. 

The  experimental  work  consisted  of  the  microscopic  examination 
and  hardness  tests  by  the  Shore  schleroscope  of  the  cutting  end  of 
the  tool. 
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Several  cracks  were  found  near  the  central  part  of  the  tool  and 
two  of  these  extended  almost  from  top  to  bottom.  One  of  these  is 
shown  later  in  one  of  the  micrographs  and  their  general  direction  is 
shown  in  the  sketch,  plane  D  F. 

Specimens  were  prepared  for  microscopic  examination  along  the 
planes  A  C  and  D  F,  respectively,  as  snown  in  the  sketch  below. 
The  tool  failed  by  fracturing  along  the  plane  A  B. 

Micrograph  No.  3882,  at  500  diameters,  shows  the  structure  on 
the  plane  A  C  near,  the  fracture  after  etching  five  minutes  in  4  per 
cent  nitric  acid.  The  usual  etching  time  is  three  and  one-half 
minutes,  but  this  time  was  insufficient  to  develop  the  structure 
definitely.  A  series  of  Shore  schleroscope  readings  on  this  surface 
gave  an  average  value  of  92. 

Micrograph  No.  3883,  also  at  500  diameters,  shows  the  structure 
on  the  plane  D  F  after  etching  with  4  per  cent  nitric  acid,  the  usual 
period  of  three  and  one-half  minutes.  The  structure  is  austenitic 
and  is  in  no  respect  similar  to  that  shown  in  micrograph  No.  3882. 

This  micrograph  also  shows  one  of  the  cracks  previously  referred 
to.  Close  examination  of  this  micrograph  shows  this  crack  to 
follow  the  grain  boundaries  and  in  no  place  does  it  pass  through  a 
grain.  This  is  further  illustrated  in  micrograph  No.  3884.  This  is  a 
clear  cut  example  of  intercrystalline  fracture. 
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COMPARISON  OF  THE  TWO  TTPES  OF  EXTENSOMETER. 

OBJECT. 

The  object  of  this  experiment  was  to  determine  if  an  extensome- 
ter  of  a  certain  type  was  satisfactory  for  the  determination  of  the 
elastic  limit  by  the  set  method. 

CONCLUSIONS. 

It  was  found  that  this  extensometer  was  not  a  satisfactory  instru- 
ment for  this  purpose.  Additional  extensometers  of  another  type 
are  being  secured  for  the  testing  work  at  this  arsenal. 

EXPERIMENTAL. 

One  bar  of  No.  2  forged  steel  was  annealed  at  900°  C.  and  slowly 
cooled  in  the  furnace.  Ten  specimens  were  then  cut  from  this  bar. 
The  results  of  the  tests  are  shown  graphically  on  the  curve,  page  181a, 
Curve  Al  was  taken  with  the  extensometer  of  the  second  type  and 
curve  A2  with  the  extensometer  first  mentioned.  Set  determina- 
tions were  not  made  in  these  experiments.  It  will  be  observed  that 
the  modulus  of  elasticity  as  determined  by  this  extensometer  in  this 
series  of  experiments  is  greater  than  the  modulus  of  elasticity  as 
determined  Iby  the  extensometer  of  the  second  type.  Furthermore, 
a  considerably  higher  value  was  obtained  for  the  proportional  or 
elastic  limit. 

The  curves  of  the  "B"  series  show  a  slightly  higher  proportional 
limit  as  determined  by  the  first-mentioned  extensometer,  and  again, 
the  modulus  of  elasticity  as  determined  by  this  extensometer  is 
greater  than  the  modulus  as  determined  by  the  second  extensometer. 
The  curves  on  the  "C"  bars  show  results  similar  to  those  obtained 
on  both  the  "A"  and  the  "B"  series,  namely,  a  slightly  higher 
proportional  limit  as  determined  by  the  first-mentioned  extensome- 
ter, and  also  a  greater  modulus  of  elasticity.  It  would  seem  from 
these  results  that  with  this  extensometer  a  slipping  of  the  speci- 
men occurs  and  the  total  elongation  is  not  recorded.  This  would 
account  for  the  apparently  greater  modulus  of  elasticity  as  deter- 
mined by  this  instrument,  and  would  also  account  for  the  failure 
to  detect  the  first  departures  from  the  straight-line  curve  on  the 
stress-strain  diagram. 

Set  determinations  were  made  on  both  the  "E"  and  "F"  series. 
An  inspection  of  this  series  of  curves  will  show  that  the  first  exten- 
someter gave  permanent  sets  in  one  case  at  a  load  as  low  as  5,000 
pounds  per  square  inch,  whereas  with  a  second  extensometer  no  per- 
manent sets  were  observed  until  after  the  proportional  limit  was 
exceeded.  This  would  again  confirm  the  idea  previously  expressed 
that  a  certain  slippage  occurs  in  the  first  extensometer  which  does 

ill 
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not  occur  with  the  second  instrument  when  properly  used.  It  is  be- 
lieved that  the  first  instrument  might  be  slightly  modified  so  that 
some  of  this  trouble  could  be  overcome,  but  as  the  instrument  now 
stands,  it  is  not  comparable  with  the  second  extensometer  in  accuracy. 


RESEARCH 


INSTITUTED  FOB  THE  PURPOSE  OF  IMPROVING  ORDNANCE 
MATERIALS,  OR  THE  TECHNIQUE  OF  THEIR  MANUFACTURE 
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EXAXDTATIOV  OF  CASTINGS  HAVING   DIFFERENT  MANGA- 

VESE   CONTENT. 

OBJECT. 

The  object  of  this  investigation  was  to  study  the  effect  of  varying 
manganese  content  in  castings,  the  other  elements  remaining  con- 
stant in  so  far  as  possible. 

MATERIAL. 

Eight  castings  were  received  in  the  laboratory  at  this  arsenal  from 
the  inspection  department.  These  castings  had  all  been  air  chilled 
at  a  temperature  of  900°  and  drawn  to  650°.  The  pattern  number, 
heat  number,  and  composition  accompanying  the  castings  were  as 
follows: 


Pattern. 

Heat  No. 

C. 

St. 

Mn. 

S. 

P. 

42 

239 
245 
306 
292 
304 
199 
276 

Percent. 
0.29 
.30 
.27 
.27 
.29 
.30 
.34 

Percent. 
0.56 
.42 
.28 
.28 
.10 
.31 
.26 

Percent. 

aoo 

1.11 
1.21 
1.38 
1.56 
1.73 
1.91 

Percent. 
0.032 
.011 
.010 
.014 
.014 
.015 
.016 

Percent. 
a  042 
.030 
.025 
.043 
.033 
.038 
.047 

42 

Test  coupon - 

27 

58 

81  and  79 

42 

Some  of  the  results  obtained  on  these  castings  did  not  verify  the 
analyses  given  above.  Check  analyses  taken  in  the  laboratory  at  this 
arsenal  gave  the  following  results: 

Watertown  Arsenal  analyse*. 


Heat  No. 

Carbon. 

Manganese. 

Percent. 

Percent. 

239 

0.44 

a  93 

245 

.27 

1.08 

282 

.298 

1.31 

304 

.222 

1.29 

199 

.33 

1.54 
1.76 

276 

.346 

It  is  probable  that  the  analyses  accompanying  the  castings  were 
heat  analyses  obtained  from  a  cup  test,  whereas  the  carbon  and 
manganese  determinations  made  in  this  laboratory  were  on  samples 
taken  from  the  castings  examined. 


CONCLUSIONS. 


Referring  first  to  the  results  of  the  Charpy  test,  it  will  be  noted 
that  the  unusual  Charpy  values  for  castings,  namely,  those  obtained 
on  heats  245,  292,  ana  304,  occurred  when  the  carbon  did  not  exceed 
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and  manganese  content  than  is  usually  employed  in  the  founding 

Eractice  at  this  arsenal  in  making  this  grade  of  casting,  the  two 
eats  in  question  can  not  be  used  in  comparing  the  Brinell  hardness 
on  No.  3  cast  steel  as  made  at  this  arsenal  and  as  made  by  the  use  of 
lower  carbon  and  higher  manganese  contents. 

The  data  have  been  summarized  on  page  1 18  of  this  report,  and  for 
more  general  conclusions  the  reader  is  referred  thereto. 


af  Are.  /(**  jifi 


EXPERIMENTAL. 


The  experimental  work  consisted  of  machining  tests,  chemical 
analyses,  Charpy  tests,  and  Brinell  hardness  determinations.  The 
following  drawings  will' give  a  general  idea  of  the  castings  examined 
and  the  location  of  the  Charpy  test  bars.  The  data  have  been  sum- 
marized in  the  table  on  page  118.  Page  118  gives  the  detailed  resits 
of  the  Charpy  tests  and  also  the  Brinell  hardness  determinations. 
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Heat 

No. 


239 

245 

# 

292 
304 
199 

199 


270 


Machine  operations. 


Lathe 
work. 


Faced 

off 

end. 

...do... 


Faced 

off 

boss. 


Shaper 
opera* 
turn. 


Faced 

off 

boss. 

..do.. 


.do.. 


Drilling. 


H.  8.  drill 
and  carbon 
drill. 

do 


Oarbon  drill, 


.do. 


H.  8.  drill; 
carbon  drill. 


Carbon  drill. 


H.  8.  drill 
and  carbon 
drill. 


Mis- 
cella- 
neous. 


0) 


(•) 


Observations. 


This  casting  rather 
soft;  drilled  easily. 

This  casting  ma- 
chined easily  and 
drilled  easily. 

Material  a  little  tough; 
carbon  drill  cleared 
shavings  easily. 

This  casting  easily 
machined;  carbon 
drill  worked  O.  K. 

This  casting  rather 
brittle;  H.  8.  and 
carbon  drill  cleared 
shavings  easily. 

Used  inside,  boring 
tool,  also  a  tap; 
found  this  casting 
rather  tough,  more 
so  through  section 
C-D. 

Material  in  this  cast- 
ing a  little  tough, 
but  can  be  ma- 
chined readily;  no 
apparent  difference 
in  the  action  of  the 
drills. 


Brinell 

Car- 

Man- 

hard- 

bon 

gan- 

ness 
No. 

(per 
cent). 

ese 

(per 

cent). 

197 

a  44 

0.93 

153 

.27 

1.06 

171 

.298 

1.31 

160 

.222 

L29 

200 

.33 

1.54 

209 

.33 

1.54 

200 

•  346 

1.76 

Charpy 
value 
(foot- 
pounds 

per 
square 
inch). 


129 
414 
415 
350 
109 

109 


87 


» See  sketch  2-A. 


*  See  sketch  2-B. 


Charpy  impact  test*. 
v»        fTests  on  «— Mng»  from  private  concern) 


Heat 
No. 

Carbon 

(per 

cent). 

Manga- 
nese (per 
'cent). 

Foot-pounds  per  square  inch 
absorbed. 

Appearance  of  fracture. 

First 
test. 

Second 
test. 

Average 

230 
245 
292 
304 
199 
276 

0.44 
.27 
.298 
.222 
.33 
.346 

0.93 
1.06 
1.31 
1.29 
1.54 
1.76 

127.5 
416.1 
382.0 
334.1 
114.0 
81.02 

129.8 
411.0 
449.0 
384.4 
105.0 
03.11 

129 
414 
415 
359 

100 
87 

Amorphous  and  crystalline. 
Amorphous. 

Do. 

Do. 
Amorphous  and  crystalline. 

Do. 

Brinell  hardness  tests. 


Heat  No. 

First 
test. 

Second 
test. 

Third 
test. 

Average 

239 
245 
292 
304 
199 
276 

197 
149 
171 
163 
207 
197 

197 
156 
175 
159 
207 
197 

197 
153 
167 
159 
212 
207 

197 
163 
171 
160 
200 
200 

EXAMINATION  OF  HIGH  MANGANESE  STEEL  CASTINGS. 

OBJECT. 

The  object  of  this  examination  was  to  determine  the  chemical 
composition  and  microstructure  of  this  steel. 

CONCLUSIONS. 

No  attempt  is  made  to  draw  conclusions  from  this  investigation. 
The  results  as  found  are  given  in  the  body  of  this  report. 

MATERIAL. 

The  material  examined  was  a  small  piece  of  steel  4  inches  by  1  foot 
by  1.5  inches  submitted  by  the  inspection  department. 

EXPERIMENTAL. 

The  experimental  work,  according  to  request,  consisted  entirely  of 
chemical  analysis  and  microscopic  examination. 

Chemical  Analysis. 
Chemical  analysis  of  this  material  gave  the  following  results: 

Table  1. — Chemical  composition. 


c. 

Mn. 

Si. 

8. 

P. 

Percent. 
.30 

Percent. 
M.70 

Percent. 
.202 

Percent. 
.029 

Per  cent. 
.012 

» Checked. 


Microscopic  Examination. 

Microscopic  examination  of  the  metal  in  the  unetched  condition 
shows  it  to  be  comparatively  clean  and  free  from  nonmetallic  inclu- 
sions, except  for  an  occasional  particle  which  is  circular  in  section. 
After  etching  with  4  per  cent  nitric  acid  the  structure  as  shown  in 
micrograph  No.  4362,  at  50  diameters,  is  found  to  exist  on  the  greater 
part  of  the  surface  examined.  From  this  micrograph  it  appears  that 
the  original  austenite  grain  boundaries  are  high  in  carbon.  This  is 
the  reverse  of  what  generally  is  found,  since  steel  of  this  carbon  con- 
tent has  a  tendency  to  reject  the  free  ferrite  to  the  grain  boundaries. 
Micrograph  No.  4363,  at  500  diameters,  was  taken  on  one  of  the  dark 
"grain  boundaries"  shown  in  No.  4362.  This  shows  the  dark  lines 
to  be  higher  in  carbon  and  that  the  carbon  is  in  the  troostitic  condi- 
tion.   Micrograph  No.  4364,  at  50  diameters,  shows  a  different  struc- 
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ture  from  No.  4362  and  this  structure  was  found  only  on  one  end  of 
the  specimen  examined. 

This  is  much  more  uniform  and  it  is  believed  to  be  a  more  desirable 
structure.  Micrograph  No.  4365,  at  500  diameters,  shows  approxi- 
mately the  same  location.  The  ferrite  and  troostite  are  uniformly 
distributed.  Micrograph  No.  4366,  at  50  diameters,  shows  a  round 
nonmetallic  inclusion.  Micrograph  No.  4367  shows  the  edge  of  this 
inclusion  at  500  diameters,  which  at  this  magnification  appears  ex- 
tremely large  when  compared  to  inclusions  frequently  found  in  the 
examination  of  steel. 

Tests  were  carried  out  to  determine  whether  this  inclusion  was  a 
sulphide  or  was  a  particle  of  slag.    The  usual  method  of  "sulphur 

Krinting"  was  triea,  but  this  did  not  give  evidence  of  the  inclusion 
eing  a  sulphide.  The  method  given  by  Comstock  of  boiling  in 
sodium  picrate  likewise  did  not  indicate  a  sulphide.  Boiling  in  alka- 
line sodium  picrate  for  10  minutes  had  no  effect  on  the  inclusion. 
Neither  cold  nor  hot  concentrated  hydrochloric  acid  had  any  solvent 
action  and  a  mixture  of  hot  nitric  and  hydrochloric  had  only  a  slight 
effect.  It  seems  evident  that  this  inclusion  is  not  a  sulphide  but  is 
a  particle  of  slag.  It  was  removed  from  the  steel  quite  easily  with 
the  sharp  point  of  a  knife  and  the  outer  surface  was  of  a  greenish 
color,  characteristic  of  certain  slags. 

The  physical  test  results,  as  given  in  -a  letter  accompanying  the 
sample,  are  as  shown  in  Table  2  below. 

Table  2. 


Specimen  No. 

Tensile 

strength 

(pounds  per 

square  inch). 

105,500 
100,000 

Elastic  limit 
(pounds  per 
square  inch). 

Elongation 

(per  cent). 

Reduction 

(percent). 

1 

63,000 
68,500 

13.7 
13.25 

20.6 
20.9 

2 
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EXPERIMENTAL  HEAT  TEEATMEHT  OF  CAST  STEEL. 


OBJECT. 

The  following  experiment  was  carried  out  to  determine  the  effect 
on  the  physical  properties,  including  the  Charpy  impact  strength,  of 
three  standard  heat  treatments  applied  to  cast  steel  in  the  arsenal 
foundry. 

CONCLUSIONS. 

The  Charpy  test  shows  a  decided  improvement  by  water  quenching 
from  900°  C.,  followed  by  drawing  two  hours  at  650°  C.  This  treat- 
ment also  raises  the  yield  point,  tensile  strength,  and  Brinell  hardness, 
while  at  the  same  time  the  ductility,  as  measured  by  elongation  and 
contraction  of  area,  is  but  slightly  inferior  to  the  furnace-cooled 
steel. 

The  water  quenched  and  tempered  specimen,  sample  "A,"  has  a 
very  fine  troosto-sorbitic  structure.  Nine  hundred  degrees  C.  is 
not  sufficiently  high  for  a  plain  anneal  on  a  casting,  as  diffusion 
takes  place  too  slowly  at  this  temperature.  Nine  hundred  and 
fifty  degrees  C;,  followed  by  air  chilling  with  tempering  at  500°  C. 
to  relieve  any  existing  strains,  gives  a  very  good  structure,  and  also 
good  physical  properties,  which  are  superior  to  those  obtained  by 
furnace  cooling,  although  not  equal  to  those  obtained  by  water 
quenching. 

EXPERIMENTAL. 

The  experimental  work  consisted  of  physical,  chemical,  and  micro- 
scopical tests  of  the  heat-treated  metal.  The  material  consisted  of 
slabs  1J  inches  in  thickness  which  were  cut  from  a  10-inch  round 

ingot. 

Heat  Treatment. 

Three  heat  treatments  were  applied,  viz: 

Treatment  A. — Heated  to  900°  C,  soaked  two  hours  at  this  tem- 
perature and  water  quenched,  followed  by  drawing  two  hours  at 
650°  C.  and  furnace  cooled. 

Treatment  B. — Heated  to  900°  C,  soaked  two  hours  at  this  tem- 
perature and  furnace  cooled.    > 

Treatment  C. — Heated  to  950°  C,  soaked  two  hours  at  this  temr 
perature  and  cooled  in  air,  followed  by  drawing  two  hours  at  500°  C. 
and  furnace  cooled. 

Chemical  Analysis. 

The  chemical  analysis  of  the  heat  was  as  follows: 


c. 

Mn. 

Si. 

8. 

P. 

Per  cent. 
,    0.30 

Percent. 
0.62 

Per  cent. 
0. 181 

Per  cent. 
0.038 

Per  cent. 
0.03T 
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Physical  Tests. 
The  physical  properties  are  recorded  in  the  table  below. 


Marks. 


A 

A 
A 

B 

B 

B 

Mean* 

C 

C 

C 

Mean 


Yield 

point 

(pounds 

per  square 

inch). 

Tensile 

strength 

(pounds  per 

square 

inch). 

Elonga- 
tion (per 
cent.) 

Contrac- 
tion of 

area  (per 
cent). 

68,500 
56,500 
67,500 

88,000 
84,500 
89,500 

15.0 
11.5 
19.5 

24.0 
16.9 
27.4 

67,500 

87,338 

15.3 

22.8 

44,000 
50,000 
45,000 

75,000 
82,500 
80,500 

10.5 
25.0 
19.5 

20.5 
37.0 
24.0 

46,333 

79,333 

18.3 

27.2 

49,000 
49,500 
50,000 

81,000 
85,000 
82,000 

12.5 
21.5 
14.5 

2a  5 
30.7 
20.5 

49,500 

82,666 

16.2 

23.9 

Charpy  shook  test 
(foot-pounds  per 
square  inch). 


I 


Mean  of  7  testa -185. 


I 


Mean  of  8  tests— 146. . 


►Mean  of  8  tests -153. 


Brlnell 

Lrdm 

No. 


I 


187 
171 
171 


17« 


166 
153 
159 


166 


I 


163 
160 
166 


159 


From  an  inspection  of  the  mean  results  of  the  tests  it  is  evident 
that  water  Quenching  has  raised  the  elastic  limit  approximately 
10,000  pounds  and  the  tensile  strength  8,000  pounds  over  that 
obtained  by  a  simple  furnace  anneal.  Furthermore,  this  has  been 
accomplished  with  but  little  sacrifice  of  ductility.  The  shock 
strength,  as  measured  by  the  Charpy  impact  strength,  has  been 
increased  from  146  to  185  foot-pounds  per  square  inch. 

The  air-chilled  specimens  show  an  increase  in  both  elastic  limit 
and  tensile  strength  of  approximately  3,000  pounds  over  that  ob- 
tained by  a  simple  furnace  anneal.  This  increase  is  in  good  agree- 
ment  with  what  W  been  observed  in  the  foundry  annealSig  practice 
on  No.  3  steel  castings.  The  Charpy  test  also  shows  slight  improve- 
ment. 

The  microstructure  obtained  after  the  various  treatments  is  shown 

on  the  following  pages. 

Microstructure  . 

The  microstructure  of  specimen  "A,"  micrograph  No.  4017,  at 
50  diameters,  is  very  fine.  It  will  be  seen  that  the  drawing  was 
sufficient  to  begin  to  release  the  excess  ferrite  from  the  unstable 
troosto-martensitic  state.  At  500  diameters  the  structure  is  seen 
to  be  sorbitic.     (See  micrograph  No.  4018.) 

Specimen  "B,"  magnified  50  diameters,  micrograph  No.  4019, 
shows  a  casting  improperly  annealed.  A  temperature  of  900°  C.  is 
not  sufficiently  high  to  allow  the  great  amount  of  diffusion  to  take 
place,  which  is  necessary  for  a  complete  anneal,  during  the  interval 
of  time  to  which  it  was  exposed  to  that  temperature.  The  same 
specimen  is  shown  at  500  diameters  in  micrograph  No.  4020. 

In  specimen  "C"  we  encounter  a  different  structure.  No  one 
familiar  with  the  microstructure  of  cast  steel  could  ask  for  a  more 
beautifully  refined  structure  than  is  shown  in  micrograph  No.  4021. 
Nine  hundred  and  fifty  degrees  C.  was  sufficiently  high  to^permit  the 
diffusion  of  the  constituents  in  two  hours.  Air  chilling  assisted  in 
the  complete  breaking  up  of  the  original  structure.  Drawing  at 
500°  C.  will  produce  no  noticeable  change  in  a  structure  produced 
by  air  chilling,  but  serves  to  release  any  internal  strains  set  up  by 
the  air  chill.  See  micrographs  No.  4021  and  4022  at  50  and  500 
diameters,  respectively. 
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INVESTIGATION  OF  COBE  TEKPERATUBES  IV  LABGE  CASTINGS. 

OBJECT. 

As  considerable  difficulty  has  been  experienced  in  the  foundry  in 
the  removal  of  cores  from  large  castings,  it  was  desired  to  determine 
the  cause  of  cores  becoming  so  hard  and  compact  when  subjected  to 
casting  conditions.  It  was  also  desired  to  determine  whether  the 
compactness  and  hardness. of  the  cores  was  due  to  fusion  of  any  of 
the  elements  present  in  the  core  mixture,  or  to  a  sintering  action 
brought  about  by  a  combination  of  pressure  and  temperature. 

CONCLUSIONS. 

Referring  to  the  curve  at  the  conclusion  of  this  report,  it  will  be 
noted  that  the  maximum  temperature  obtained  was  1,050°  C,  at  a 
point  2£  inches  from  the  face  of  the  core.  This  observed  low  tem- 
perature points  very  strongly  to  the  fact  that  the  trouble  is  due  to  a 
sintering  action  brought  about  by  compression  at  a  relatively  low 
temperature.  It  is  evident  that  only  the  surface  of  the  core  should 
have  become  fused  and  the  hardness  of  the  interior  must  have  been 
brought  about  by  a  fluxing  and  subsequent  fusing  of  some  of  the 
constituents  of  the  core  mixture. 

EXPEBIMENTAL. 

The  core  on  which  the  temperature  was  determined  was  made  up 
from  the  so-called  strong  core  mixture,  a  pipe  1  inch  in  diameter  ex- 
tending throughout  the  entire  length  of  toe  core.  This  pipe  was  so 
placed  that  it  was  approximately  2\  inches  from  the  face  of  the  core. 

Temperatures  were  determined  by  a  portable  potentiometer  used 
in  conjunction  with  a  base  metal  couple.  The  couple  was  extended 
36  inches  into  the  pipe.  Readings  were  taken  at  15-minute  inter- 
vals after  the  casting  was  poured,  and  from  the  data  so  obtained,  the 
time-temperature  heating  curve  which  is  included  in  this  report,  was 

Slotted.  Couple  No.  1,  which  was  first  inserted,  was  destroyed  by 
ot  metal  rushing  in  through  the  vent  and  burning  the  insulation  of 
the  wire.  Couple  No.  2  was  then -used  until  it  reached  a  temperature 
of  1,000°  C*  For  all  temperatures  above  1,000°  C.  a '  'Morse  "  thermo- 
gauge  was  used,  readings  being  taken  at  15-minute  intervals  by 
sighting  the  instrument  into  the  pipe. 

The  core  .obtained  its  maximum  temperature,  1,050°  C,  after  a 
period  of  6  hours  and  15  minutes.  Readings  were  taken  for  2  hours 
and  15  minutes  thereafter,  with  the  result  that  the  temperature  re- 
mained constant  at  that  point.  The  following  morning,  approxi- 
mately 14  hours  later,  a  reading  was  taken  which  indicated  tnat  the 
core  was  still  at  a  red  heat — 710°  C.  The  casting  was  poured  23 
hours  previous  to  this  reading. 
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The  following  is  the  mixture  employed  in  making  up  the  core: 

12  parts  ground  silica  rock. 
6  parts  green  silica  sand. 

2  parts  white  clay.  * 
H  parts  resin. 

3  parts  graphite. 

Previous  to  this  test  a  number  of  small  briquettes  similar  to  cement 
briquettes  had  been  made  from  both  the  common  core  mixture  and 
the  strong  core  mixture.  These  small  briquettes  were  baked  in  the 
foundry  core  oven  at  the  temperatures  ordinarily  employed.  The 
following  results  show  that  there  is  very  little  difference  between  the 
tensile  strengths  of  these  two  mixtures. 

Strong  core,  59.7  pounds  per  square  inch. 
Common  core,  57.1  pounds  per  square  inch.  , 

Although  the  boundary  line  between  sintering  and  fusion  is  "not 
clearly  defined,  for  the  purposes  of  this  investigation  the  following 
definitions  are  employed : 

"Fusion  involves  melting  of  existing  elements  or  compounds  with- 
out further  chemical  reaction." 

"Sintering  involves  melting,  which  is  preceded  by  a  reaction  be- 
tween some  of  the  elements  or  compounds  previously  existing  in  the 
core  mixture." 

To  make  this  clear,  the  actual  melting  of  the  silica  rock  should  be 
called  "fusion,"  whereas  the  melting  of  a  silicate  formed  by  the  re- 
action between  iron  oxide  and  silica  should  be  called  "sintering."  An 
examination  of  the  analyses  of  the  material  entering  into  the  core 
mixture  would  show  that  there  is  very  little  material  contained  there- 
in which  will  fuse  below  1,600  to  1,700°  C.  The  rosin  will  melt  at  a 
low  heat  in  a  drying  oven,  and  the  white  clay  contains  but  a  small 
per  cent  of  the  material  with  a  low  melting  pomt. 

As  soon  as  the  casting  is  poured  and  attains  a  temperature  of  500° 
C.  to  600°  C,  the  rosin  will  De  completely  burned  out.  It  is  thought 
that  the  sintering  action  observed  is  due  to  a  chemical  reaction 
brought  about  by  temperature  and  pressure  between  the  basic  radi- 
cals present  in  the  silica  sand  and  white  silica  clay  and  the  acid 
radical  Si03.  Alumina,  if  present,  is  probubly  an  important  factor 
in  determining  the  sintering  temperature.  Whether  its  action  is 
acid  or  basic  can  onlv  be  determined  after  many  more  observations 
and  experiments.  'The  most  pertinent  conclusion  which  can  be 
pointed  out  at  the  present  time  is  that  the  nature  of  the  small  per- 
centage of  impurities  alloyed  in  silica  sand  is  probably  far  more  im- 
portant to  the  foundryman  than  the  actual  silica  content  of  the 
material. 
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nnrESTIGATIO*  TO  deteemihe  the  effect  of  phos- 
phorus UPOF  THE  PHYSICAL  PEOPERTIES  OF  CAST 
STEEL. 

OBJECT. 

The  object  of  this  investigation  was  to  determine  the  effect  of 
phosphorus  upon  the  physical  properties  of  cast  steel,  with  partic- 
ular reference  to  its  shock  strength. 

GENERAL  REMARKS. 

In  view  of  the  fact  that  the  specifications  for  cast  steel  at  the  / 
present  time  allow  a  maximum  limit  of  0.07  per  cent  sulphur,  it  was 
thought  advisable  to  carry  out  this  investigation  witn  converter 
steel  in  which  the  sulphur  content  would  run  oetween  0.06  and  0.07 
per  cent. 

CONCLU8ION8. 

From  the  data  herein  presented  it  appears  that  there  is  a  sudden 
marked  decrease  in  the  shock  strength  of  cast  steel,  other  conditions 
being  equal,  when  the  phosphorus  is  increased  beyond  0.06  per  cent. 
This  conclusion  is  confirmed  by  Charpy  tests  and  tests  to  destruction 
by  impact  of  certain  castings  having  variable  phosphorus  content. 

It  is  to  be  further  noted  that  the  influence  of  increasing  phosphorus 
is  first  observed  in  the  results  of  the  shock  tests,  the  ordinary  static 
or  tensile  tests  being  very  little  affected.  As  service  stresses  are 
generally  of  a  dynamic  nature,  and  as  the  specifications  call  for 
static  tests  only,  it  is  apparent  that  the  only  protection  against 
brittleness  is  to 'be  found  in  the  chemical  composition  and  annealing 
treatments  prescribed. 

Any  change  in  the  chemical  requirements,  especially  in  so  far  as 
raising  the  phosphorus  limit  is  concerned,  must  be  considered  as  a 
very  serious  matter,  and  more  particularly  so  if  at  the  same  time 
some  form  of  shock  test  is  not  prescribed. 

The  above  statement  applies  with  particular  force  to  cast  steel 
No.  3.  Cast  steel  No.  2,  with  a  lower  carbon  content,  could  with 
safety  carry  more  phosphorus  than  No.  3. 

EXPERIMENTAL. 

For  convenience  in  discussion,  the  experiments  herein  presented 
will  be  divided  into  three  groups. 

The  first  experiment  consists  of  tests  taken  from  a  casting  shipped 
to  this  arsenal  in  connection  with  this  investigation. 

The  second  experiment  consisted  in  the  making  at  this  arsenal  of 
two  pintle  bearing  castings  and  four  test  coupons,  two  of  the  coupons 
and  one  of  the  castings  having  a  phosphorus  content  of  0.043  per 
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cent,  and  the  other  two  coupons  and  castings  having  a  phosphorus 
content  of  0.104  per  cent. 

In  the  casting  of*  the  coupons  and  castings  referred  to  above  the 
following  procedure  was  adopted: 

A  regular  No.  3  converter  heat  was  selected,  the  ladle  analysis  of 
which  showed  the  following  composition : 


c. 

Mn. 

Si. 

8. 

P. 

Percent. 
a  42 

Per  cent. 
a  86 

Percent. 
a  197 

Percent. 
0.005 

Percent. 
0.039 

A  small  ladle  was  preheated  and  placed  on  the  scales,  and  enough 
20  per  cent  ferrophosphorus  added  to  this  ladle  to  bring  800  pounds 
of  metal  from  0.04  per  cent  phosphorus  to  0.10  per  cent  phosphorus. 

Immediately  after  the  heat  was  down  (cast-steel  heat  5775)  and 
properly  recarburized,  800  pounds  of  metal  was  added  to  the  small 
ladle.  One  casting  and  two  coupons  were  then  poured  from  the 
regular  composition,  and  one  casting  and  two  coupons  from  the  small 
ladle.  The  phosphorus,  as  determined  from  a  sample  taken  from 
-one  of  the  coupons  of  the  regular  composition,  was  0.043  per  cent, 
whereas  that  determined  from  a  sample  taken  from  one  of  the  high 
phosphorus  coupons  was  0.104  per  cent. 

Experiment  No.  3  consisted  in  making  four  different  phosphorus 
contents  from  one  regular  No.  3  heat  of  converter  steel.  The  pro- 
cedure adopted  was  as  follows: 

A  small  ladle  was  thoroughly  preheated  as  in  experiment  No.  2, 
and  ferrophosphorus  additions  made  to  this  ladle.  As  soon  as  the 
heat  was  down  and  properly  recarburized,  1,200  pounds  of  metal 
were  added  to  the  small  ladle.  Two  pintle  bearing  castings  and  two 
coupons  were  poured  from  the  regular  composition  from  the  large 
ladle.  Two  castings  and  two  coupons  were  then  poured  from  the 
higher  phosphorus  metal  from  the  small  ladle,  thus  emptying  the 
small  ladle. 

Ferrophosphorus  additions  were  again  made  to  the  small  ladle 
and  1,200  pounds  of  metal  added.  The  remaining  metal  in  the  large 
ladle  was  then  "doped"  with  ferrophorphorus,  so  as  to  bring  its 
phosphorus  content  from  the  original  estimated  0.04  per  cent  to 
0.08  per  cent.  Two  pintle  bearing  castings  and  two  coupons  were 
then  poured  from  both  the  large  and  the  small  ladle,  thus  consuming 
the  entire  heat. 

Results  of  Experiment  No.  1. 

The  casting  received  at  this  arsenal  was  subjected  to  physical  tests 
and  microscopical  examination.  Two  tensile  tests  taken  from  this 
castings  gave  the  following  results: 


Elastic  limit. 

Tensile 
strength. 

Elonga- 
tion. 

Contrac- 
tion. 

Pound*. 
54,500 
42,500 

Pound*. 
79,000 
09,500 

Percent. 
4.5 
4.5 

Percent. 
1.8 
1.8 
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It  is  to  be  expected  that  material  giving  such  inferior  figures  for 
both  elongation  and  contraction  will  be  low  in  shock  strength,  as 
determined  from  the  Charpy  notched-bar  specimens.  Four  Charpy 
notched-bar  specimens  were  taken,  the  average  result  on  the  four 
bars  being  55  foot-pounds. 

Micrograph  No.  3812  was  taken  from  this  specimen.  This  micro- 
graph, with  its  description,  will  be  found  in  a  later  portion  of  this 
report.  It  is  very  evident  from  this  micrograph  that  although  there 
has  been  interior  grain  refinement,  the  original  dendritic  structure 
has  not  been  removed  by  annealing. 

Results  of  Experiment  No.  2. 

Two  test  coupons  marked  5775-1  and  5775-2,  one  pintle  bearing 
marked  5775,  two  test  coupons  marked  5775-3A,  5775-4X,  and  one 

Eintle  bearing  marked  5775X  were  annealed  at  950°  C.  for  two 
ours  and  then  air  chilled.  Subsequent  to  the  air-chilling  operation, 
they  were  drawn  four  hours  at  500°  C.  The  letter  "X"  was  used 
to  designate  all  castings  and  coupons  having  a  high  phosphorus 
content.  A  number  of  determinations  were  made  on  samples  taken 
from  coupons  and  cup  tests,  and  it  is  believed  that  the  following 
composition  fairly  represents  that  which  was  actually  present. 


Material. 

C. 

Mn. 

Si. 

8. 

P. 

Coupon  5775-1 

Coupon  5775-2 

Casting  5775 

Coupon  5775-3X.. 
Coupon  5775-4X... 
Casting  5775X.... 

Percent. 
0.42 

.42 

Percent. 
"0.86 

•  86 

Percent. 
0.197 

.197 

Percent. 
0.065 

.065 

Percent. 
0.043 

.104 

After  the  annealing  operation  outlined  above  had  been  completed, 
all  of  the  coupons  and  one-half  of  each  casting  was  cut  up  for  test. 
Charpy  tests  only  were  taken.     The  results  are  tabulated  below. 


LOW  PHOSPHORUS  MATERIAL. 


Material. 

Mean  of 
4  tests. 

Coupon  5775-1 

Foot-pounds. 
81 
89 
85 

Coupon  5775-2 

Casting  6775 

Average 

85 

HIGH  PHOSPHORUS  MATERIAL. 


Coupon  5775-3X 

37 
32 
51 

Coupon  5775-4X 

Casting  5775X 

Average 

40 

An  inspection  of  the  general  averages  obtained  above,  incorporat- 
ing both  tests  from  coupons  and  castings,  will  show  that  consider- 
ably higher  shock  strength  was  obtained  on  the  low  phosphorus 
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material  An  increase  in  the  phosphorus  content  from  0.043  per 
cent  to  0.104  per  cent  decreased  the  shock  strength  by  some  53  per 
cent.  The  two  remaining  halves  of  the  pintle-bearing  castings  were 
then  retreated  as  follows:  Heated  to  90(T  C,  quenched  in  water,  fol- 
lowed by  drawing  at  600°  C.  This  treatment  was  adopted  as  it  was 
previously  used  with  considerable  success  on  the  production  of  this 
casting,  for  which  particularly  high  properties  are  demanded. 
Charpy  tests  were  then  taken  with  the  following  results: 


Material. 

Mean  of 
4  tests. 

Casting 5776. .......... 

Foot-pounds. 

100 

44 

Oasting  6776X .  

From  these  results  it  is  also  evident  that  an  increase  in  phosphorus 
from  0.043  per  cent  to  0.104  per  cent  has  reduced  the  shock  strength 
by  over  50  per  cent. 


Results  o*  Expbembnt  No.  3. 


As  previously  stated,  eight  castings  and  eight  coupons  were  made 
on  this  heat.  Chemical  samples  taken  from  the  coupons  gave  the 
following  results: 


No. 

C. 

Mil. 

Si. 

S. 

P. 

6807A 

Percent. 

0.42 

.40 

.42 

.41 

Percent. 

0.66 

.63 

.60 

.61 

Percent. 

0.282 

.800 

.273 

.273 

Perceni. 

0.069 

.060 

.066 

.066 

Percent. 

0.043 

.068 

.068 

.076 

6807B 

6807C 

5807D 

The  results  of  the  tensile  tests,  together  with  the  Charpy  tests, 
the  latter  in  each  case  being  the  average  of  four  separate  bars,  are 
recorded  below. 


Marks  on  specimen. 


6807A 

8807A 

6807B 

5807B 

6807C. 

6807C 

5807D 

Coupon  discarded. 


Yield 

point 

(pounds 

per  square 

Inch). 


61,000 
62.000 
61,600 
60,600 
61,600 
62,000 
62,600 


Tensile 

strength 

(pounds 

per  square 

inch). 


80,000 
87,600 
87,600 
86,000 
88,000 
80,600 
82,600 


Elonga- 
tion (per 
cent). 


21.6 
16.0 
17.0 
17.0 
19.0 
19.6 
7.6 


Contrac- 
tion (per 
cent). 


24.0 
16.9 
20.6 
20.6 
16.9 
24.0 
9.6 


Charpy 
test 
(loot- 
pounds). 


70 
71 
67 
63 
42 
50 
31 


Brinnell 
hardni 
No. 


168 
149 
192 
175 


The  curve  on  page  131-20  was  plotted  from  the  results  of  these  tests. 
The  Charpy  value  appears  as  the  ordinate  and  the  phosphorus  con- 
tent appears  as  the  abscissa.  It  is  very  evident  from  this  curve  that 
the  phosphorus  content  has  a  very  decided  relationship  to  the  Charpy 
value,  ft  would  appear  from  this  curve  that  the  most  decided 
decrease  or  falling  off  of  the  Charpy  value  occurs  when  the  phos- 
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phorus  content  is  increased  beyond  0.06  per  cent.  In  considering 
this  curve  it  should  be  borne  in  mind  that  all  of  this  material  was 
poured  from  one  heat,  and  that  all  conditions  excepting  the  phos- 
phorus content  were  maintained  constant.  That  such  was  the  case 
is  further  proven  by  the  fact  that  very  little  difference  can  be  observed 
in  the  results  of  the  ordinary  static  tensile  test,  excepting  5807D, 
which  showed  a  decided  falling  off  in  ductility.  It  would  appear 
that  if  experimental  conditions  had  varied  to  any  great  extent,  the 
ordinary  static  tensile  te3t  would  have  shown  more  disagreement 
than  is  recorded  herein. 

As  pointed  out  in  the  conclusions  of  this  report,  the  effect  of  slight 
increases  in  phosphorus  make  themselves  much  more  apparent  by 
their  influence  upon  the  shock  strength  than  upon  the  results  of  the 
tensile  test;  5807C,  for  example,  shows  static  tests  very  similar  to 
5807A.  The  shock  test,  however,  is  decidedly  inferior  to  that  ob- 
tained on  the  low  phosphorus  material. 

The  eight  castings,  two  of  each  composition,  which  have  been 
previously  referred  to,  were  tested  to  destruction  in  the  following 
manner.  The  pintle  bearing  was  supported  at  the  hubs,  and  at  a 
point  on  the  circumference  of  the  casting  90°  from  each  hub.  A 
weight  of  832  pounds  was  then  dropped  upon  the  trunnion  from 
various  heights,  as  indicated  in  the  table  below  each  photograph. 
After  the  castings  were  fractured,  a  chemical  sample  was  taken  from 
each  near  the  point  of  fracture.  Although  these  analyses  did  not 
check  in  respect  to  the  phosphorus  content  with  those  obtained  from 
the  coupons,  it  should  be  borne  in  mind  that  they  were  taken  from  a 
larger  mass  of  metal,  in  which  segregation  could  occur,  and  further- 
more, that  the  samples  were  not  taken  from  identical  spots  from  each 
casting,  but  were  taken  as  near  the  fracture  as  possible. 

Considering  first  casting  Al,  it  will  be  noted  that  two  10-foot  drops 
were  necessary  before  any  signs  of  cracking  occurred.  This  was  the 
first  casting  broken,  and  the  5-foot  drop  was  not  used,  as  was  done 
in  subsequent  ones.  It  is  safe  to  assume,  however,  that  a  great  many 
5-foot  drops  could  have  been  used  before  failure  occurred. 

Turning  next  to  casting  A2,  it  will  be  found  that  this  casting 
cracked  on  the  second  5-foot  drop.  This  was  the  only  inconsistency 
found  in  this  experiment.  Upon  examination  of  this  casting  imme- 
diately after  fracture  it  was  found  that  a  considerable  portion  of  the 
fractured  surface  was  rusty.  The  only  inference  which  could  be 
made  from  this  observation  was  that  it  had  been  cracked  sometime 
prior  to  the  test. 

Casting  Bl  was  able  to  withstand  two  5-foot  and  two  10-foot  drops 
before  cracking.  The  phosphorus  content  of  this  casting  was  0.059 
per  cent. 

Casting  B2  was  able  to  withstand  two  5-foot,  three  10-foot,  and 
one  15-foot  drops  before  failure  occurred.  The  phosphorus  content 
of  this  casting  was  0.062  per  cent.  The  carbon  content,  however, 
was  0.38  per  cent. 

Considering  the  A  and  B  castings  as  one  group,  and  omitting  A2, 
which  apparently  suffered  from  a  defect  before  test,  we  have  a  series 
of  castings  which  were  able  to  withstand  at  least  two  10-foot  drops 
before  failure  occurred. 

Considering  next  casting  Cl,  it  will  be  noted  that  failure  occurred 
upon  the  first  5-foot  drop.    The  phosphorus  content  of  this  casting 
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was  0.069  per  cent.  This  result  certainly  indicates  that  there  is  a 
decidedly  dangerous  point  in  the  vicinity  of  0.06  per  cent  phosphorus, 
which  must  not  be  exceeded. 

Casting  C2,  with  phosphorus  0.061  per  cent,  was  able  to  withstand 
two  5-foot  drops  and  one  10-foot  drop. 

Casting  Dl  broke  on  the  second  5-ioot  drop,  and  casting  D2  on  the 
first  5-foot  drop. 

As  rough  as  this  test  was,  it  represents  the  dynamic  resistance  of  a 
No.  3  cast  steel,  the  only  variable  being  the  phosphorus  content.  It 
can  be  very  positively  stated  that  casting  Cl,  Dl,  and  D2  were  very 
brittle.  Casting  C2,  with  a  phosphorus  content  of  0.061  per  cent,  is 
decidedly  better  than  casting  Cl.-  Casting  B2,  with  a  carbon  con- 
tent of  0.38  per  cent  and  phosphorus  of  0.062  per  cent,  gave  the  best 
results  of  any  casting  tested. 

It  would  seem  that  an  analysis  of  this  data  presented  above  by  any 
method  would  indicate  that  a  decided  decrease  in  dynamic  resistance 
occurs  somewhere  between  0.06  and  0.07  per  cent  phosphorus,  and 
the  indications  are  that  this  sudden  decrease  in  dynamic  resistance 
occurs  more  nearly  at  0.06  per  cent  than  at  0.07  per  cent  phosphorus. 
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COMPRESSIVE  TESTS  ON  COPPEB  CYIINDEES  FOB  PEESSUEE 

GAUGES. 

OBJECT. 

The  object  of  this  investigation  was  to  ascertain  if  the  coppers  used 
by  Frankford  Arsenal  were  dependable,  and  how  they  compared  with 
similar  coppers  used  by  other  manufacturers. 

MATERIAL. 

The  material  investigated  consisted  of  approximately  50  coppers 
iftarked  "R.  A.  uncompressed/'  50  marked  R.  A.  which  had  been 
subjected  to  45,000  pounds  per  square  inch  initial  compression/' 
approximately  100  coppers  marked  "  F.  A.  of  zero  initial  compression," 
and  100  marked  "F.  A.  having  45,000  pounds  per  square  inch  initial 
compression."  These  coppers  will  be  known  hereafter  in  this  report 
as  follows: 

"A"  coppers  designate  those  supplied  by  Frankford  Arsenal. 

"B"  coppers  designate  those  furnished  by  other  manufacturers. 

The  R.  A.  coppers  were  approximately  one-half  inch  length  with 
zero  initial  compression,  whereas  those  furnished  by  Frankford  Arse- 
nal were  approximately  6.40  inch  in  length  with  zero  initial  compres- 
sion. 

OUTLINE   OF  INVESTIGATION. 

(1)  Five  uncompressed  "B"  coppers  were  loaded  to  45,000  pounds 
per  square  inch  in  one  operation.  The  length  was  determined  before 
and  after  loading. 

(2)  Five  uncompressed  "  A"  coppers  were  loaded  to  45,000  pounds 
per  square  inch  in  one  operation.  The  length  was  determined  before 
and  after  loading. 

#  (3)  Five  uncompressed  "  B  "  coppers  were  compressed  in  one  opera- 
tion by  a  load  of  45,000  pounds  per  square  inch  at  Watertown  Arsenal, 
and  then  by  1,000  pounds  per  square  inch  increments  up  to  53,000 
pounds  per  square  inch,  the  lengtn  being  determined  after  each  load. 

(4)  (3)  was  repeated  with  "A"  coppers. 

(5)  Five  "B"  coppers  having  an  initial  compression  of  45,000 
pounds  per  square  incn  when  received  at  this  arsenal  were  loaded  by 
1,000  pounds  per  square  inch  increments  to  53,000  pounds  per  square 
inch  at  Watertown  Arsenal.  The  length  was  determined  after  each 
load. 

(6)  (5)  was  repeated  with  "A"  coppers. 

(7)  Five  "B"  coppers  having  an  initial  compression  of  45,000 
pounds  per  square  inch  when  received  at  this  arsenal  were  loaded  to 
53,000  pounds  per  square  inch  in  one  operation  at  Watertown  Arsenal. 
The  length  was  determined  before  and  after  this  operation. 

(8)  (7)  was  repeated  with  "A"  coppers. 
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All  loading  increments  and  total  loads  in  the  above  outline  are 
expressed  in  pounds  per  square  inch,  computed  on  the  area  of  the 
copper  cylinders  with  zero  initial  compression. 

The  coppers  tested  were  selected  at  random  from  the  lots  furnished 
by  the  other  manufacturers  and  Frankford  Arsenal.  In  each  of  the 
eight  tests  indicated  above  the  mean  value  of  the  length  of  the  coppers 
was  determined  for  each  operation,  and  the  maximum  and  minimum 
values  for  individual  coppers  was  also  determined. 

CONCLUSIONS. 

The  conclusions  of  this  report  are  based  upon  the  assumption  that 
the  more  nearly  the  values  obtained  upon  individual  coppers  approach 
the  mean  value  for  the  series,  the  more  regular  and  consistent  is  the 
material  under  examination. 

The  "  B  "  coppers  gave  more  consistent  results  than  the  "  A  "  coppers. 
This  is  shown  ooth  by  an  inspection  of  the  data  tables  and  the  curves 
introduced  at  the  conclusions  of  this  report. 

The  micrographs  of  the  two  coppers  with  zero  initial  compression 
show  that  the  *\A"  copper  has  a  larger  grain  than  the  "B"  copper, 
which  would  indicate  that  the  "A"  coppers  have  been  annealed  either 
a  longer  time  or  at  a  higher  temperature  than  the  "B"  coppers. 

Attention  is  invited  to  Table  1  showing  the  results  on  uncompressed 
coppers  when  subjected  to  a  load  of  45,000  pounds  per  square  inch. 
The  per  cent  reduction  of  length  on  the  "B"  coppers  was  20.70,  the 
maximum  value  being  20.92  and  the  minimum  value  being  20.47  per 
cent.  The  per  cent  reduction  of  length  on  the  "A"  coppers  is  18.43, 
the  maximum  value  being  19.20  and  the  minimum  value  being  17.87 
per  cent.  As  previously  noted,  the  "B"  coppers  gave  much  more 
consistent  results  than  tne  "A"  coppers. 

Attention  is  invited  to  Tables  2  and  3,  which  show  the  results 
obtained  by  compressing  the  coppers  in  one  operation  by  a  load  of 
45,000  pounds  per  square  inch,  and  then  by  1,000  pounds  per  square 
inch  increments  up  to  53,000  pounds  per  square  inch.  The  curves  on 
pages  138  to  141,  inclusive,  show  graphically  the  results  obtained  on 
both  the  "A"  and  "B"  coppers.  It  is  evident  from  these  curves 
that  the  maximum  and  minimum  values  have  less  divergence  from 
the  mean  in  the  case  of  the  "B"  coppers. 

Tables  4  and  5  show  the  results  ootained  when  both  the  "A"  and 
"B"  coppers  having  an  initial  compression  of  45,000  pounds  per 
square  inch  were  compressed  to  53,000  pounds  per  square  inch  oy 
1,000  pounds  per  square  inch  increments.  The  data  thus  obtained  is 
shown  graphically  on  pages  138  to  141,  inclusive.  It  is  very  difficult  to 
show  from  these  curves  which  of  the  two  coppers  gave  the  most  con- 
sistent results,  but  from  a  careful  inspection  oi  the  data  tables  which 
appear  herein,  it  appears  that  there  is  less  divergence  from  the  mean 
value  in  the  case  of  the  "B"  coppers. 

Table  6  gives  the  results  obtained  when  coppers  initially  compressed 
to  45,000  pounds  per  square  inch  before  receipt  at  this  arsenal  were 
compressed  to  53,000  pounds  per  square  inch,  in  one  operation,  at 
Watertown  Arsenal.  The  mean  value  for  the  per  cent  reduction  of 
length  on  the  "B"  coppers  was  11.07,  the  maximum  value  being  11.92 
and  the  minimum  value  being  10.85  per  cent.  The  average  value  for 
the  per  cent  reduction  of  length  for  the  "A"  coppers  was  11.21,  the 
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maximum  value  being  12.01  and  the  minimum  value  being  10.04  per 
cent.  This  table  also  indicates  that  the  " B"  coppers  gave  more  con- 
sistent results  than  the  "A"  coppers. 

Attention  is  invited  to  the  micrographs  appearing  after  the  con- 
clusion of  this  report.  The  "R.  A."  coppers,  which  have  been  desig- 
nated as  the  "B"  coppers,  show  a  finer  grain  in  the  uncompressed 
condition  than  the  "A"  or  Frankford  Arsenal  coppers.  This  would 
indicate,  as  pointed  out  in  the  conclusions  of  this  report,  that  the  "  A" 
coppers  have  been  annealed  either  at  a  higher  temperature,  or  for  a 
longer  time,  than  the  "B"  coppers. 

Table  1. 

UNCOMPRESSED  "A"  COPPERS. 

[Five  coppers  loaded  to  45,000  pounds  per  square  inch  in  one  operation.  Average  diameter  of  5  coppers 
0.2225"— 0.0388  sectional  area;  39  pounds— 1.000  pounds  per  square  inch.  Length  taken  before  and 
after  a  load  of  45,000  pounds  per  square  inch.] 


1 

1 

Length 
before 
(inch). 

Applied  load. 

• 

Length 

after 

(inch). 

Difference 
(inch). 

Reduction 
(per  cent). 

Total 
pounds. 

Pounds 

per  square 

inch. 

1 

0.4002 
.4002 
.4008 
.4001 
.4015 

1,765 
1,755 
1,755 
1,755 
1,755 

45,000 
45,000 
45,000 
45,000 
45,000 

0.3258 
.3258 
.3292 
.3284 
.3244 

0. 0744 
.0744 
.0716 
.0717 
.0771 

18.59 
18.59 
17.87 
17.92 
19.20 

2 

3 

4 

5 

Mean ..,.,... 

.0738 

18.43 

UNCOMPRESSED  "B"  COPPER8. 


[Five  coppers  loaded  to  45,000  pounds  per  square  inch  in  one  operation.  Average  diameter  of  5  coppers 
0.2252''—  0.0398  sectional  area;  40  pounds— 1.000  pounds  per  square  inch.  Length  taken  before  and 
after  a  load  of  45,000  pounds  per  square  inch.] 


1 

'   1 

0.5002 
.5009 
.5010 
.5008 
.5004 

1,800 
1,800 
1,800 
1,800 
1,800 

45,000 
45,000 
45,000 
45,000 
45,000 

0.3958 
.3974 
.3962 
.3983 
.3974 

0.1044 
.1035 
.1048 
.1025 
.1030 

20.87 
20.66 
2a  92 
20.47 
20.58 

2 

3 

4 

5 

Mean X1.    

.1036 

20.70 

Table  2. 

UNCOMPRESSED  "B»  COPPERS. 

(Five  coppers  compressed  in  one  operation  by  a  load  of  45,000  pounds  per  square  inch  and  then  by  1.000 
pound  increments  to  53,000  pounds  per  square  inch,  tho  length  being  determined  after  each  load.] 


Applied  loads. 

Lengths  after  loading. 

Maxi- 
mum. 

Mean. 

Mini- 
mum. 

Total 
pounds. 

Pounds 

per  square 

inch. 

1 

2 

Inch. 
0.5007 
.3954 
.3913 
.3850 
.3814 
.3785 
.3737 
.3711 
.3672 
.3651 

3 

4 

5 

0 
1,800 
1,840 
1,880 
1,920 
1,960 
2,000 
2,040 
2,080 
2,120 

0 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
61,000 
52,000 
63,000 

Inch. 
0.5008 
.3983 
.3928 
.3890 
.3851 
.3821 
.3772 
.3705 
.3691 
.3631 

Inch. 
0.5006 
.3979 
.3932 
.3890 
.3851 
.3820 
.3781 
.3730 
.3698 
.3650 

Inch. 
0.5009 
.3983 
.3930 
.3880 
.3854 
.3810 
.3776 
.3731 
.3703 
.3665 

Inch. 
0.5009 
.  oVW* 
.3920 
.3872 
.3854 
.3795 
.3761 
.3719 
.3683 
.3655 

Inch. 
0.5009 

IQQfi 
■  own 

.3932 
.3890 
.3854 
.3821 
.3781 
.3731 
.3703 
.3665 

Inch. 
0.5007 
.3979 
.3924 
.3876 
.3844 
.3806 
.3765 
.3719 
.3689 
.3650 

Inch. 
0.5006 
.3954 
.3913 
.3850 
.3814 
.3785 
.3751 
.3705 
.3672 
.3631 
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Tablb  3. 

UNCOMPRESSED  "A"  COPPERS. 

(Five  coppers  compressed  in  one  operation  by  a  load  of  45,000  pounds  per  square  inch  and  then  by  1,000* 
pound  increments  to  53,000  pounds  per  square  inch,  the  length  being  determined  after  each  load.] 


Applied  loads. 

Lengths  after  loading. 

Maxi- 
mum. 

Mean. 

Mini- 
mum. 

Total 
pounds. 

Pounds 

per  square 

inch. 

1 

2 

8 

4 

5 

0 
1,756 
1,794 
1,833 
1,872 
1,911 
1,950 
1,989 
2,028 
2,067 

0 
45.000 
46,000 
47,000 
48,000 
49,000 
60,000 
51,000 
62,000 
63,000 

Inch. 

0.4001 
.3087 
.3060 
.3032 
.2990 
.2958 
.2916 
.2889 
.2875 
.2840 

Inch. 

0.4002 
.3168 
.3080 
.3046 
.3008 
13000 
.2900 
.2930 
.2897 
.2862 

/nek. 

0.4003 
.3108 
.3075 
.3045 
.3015 
.2974 
.2941 
.2930 
.2870 
.2649 

Inch. 

0.4002 
.3152 
.3129 
.3095 
.3066 
.3012 
.2994 
.2984 
.2912 
.2900 

Inch. 

0.4010 
.3082 
.3062 
.3000 
.2980 
.2910 
.2897 
.2853 
.2841 
.2827 

Inch. 

0.4010 
.3168 
.3129 
.3095 
.3056 
.3012 

.2964 
.2912 
.2900 

Inch. 

0.4003 
.3119 
.3081 
.3046 
.3009 
.2971 
.2941 
.2913 
.2879 
.2856 

/nek. 
0.4001 
.3082 
.3080 
.3000 
.2980 
.2910 
.2897 
.2863 
.2841 
.2827 

Table  4. 

COMPRESSED  «B"  COPPERS. 

(Five  coppers  compressed  to  45,000  pounds  per  square  inch  by  the  manufacturers  before  receipt  at  this 
arsenal,  then  compressed  by  1,000-pound  Increments  to  53,000  pounds  per  square  inch  at  Watertown 
Arsenal.  Length  taken  of  coppers  as  received  and  after  each  load  or  1,000  pounds  per  square  inch. 
40  pounds— 1,000  pounds  per  square  inch.] 


Applied  loads. 

Lengths  after  loading. 

Maxi- 
mum. 

Mean. 

Mini- 
mum. 

Total 
pounds. 

Pounds 

per  square 

inch. 

1 

2 

3 

4 

6 

0 
1,840 
1,880 
1,920 
1,960 
2,000 
2,040 
2,080 
2,120 

45,000 
46,000 
47,000 
48,000 
49,000 
60,000 
.     51,000 
52,000 
53,000 

Inch. 
0.4308 
.4008 

.3940 
.3890 
.3868 
.3818 
.3775 
.3745 
.3714 

Inch. 

0.4291 
■viw 
.3937 
.3893 
.3847 
.3813 
.3776 
.3727 
.3702 

Inek. 

0.4305 
.4007 
.3940 
.3890 
.3858 
.3819 
.3778 
.3724 
.3697 

Inek. 

0.4308 
.4010 
.3946 
.3895 
.3860 
.3821 
.3781 
.3743 
.3719 

Inek. 

0.4302 
.3993 
.3930 
.3894 
.3862 
.3829 
.3798 
.3720 
.3694 

Inek. 

0.4308 
.4010 
.3946 
.3895 
.3862 
.3829 
.8798 
.3745 
.3719 

Inek. 

0.4302 
.4003 
.3938 
.3892 
.3867 
.3820 
.3782 
.3732 
.8706 

Inek. 
0.4291 
•3993 
.3930 
.3890 
.3847 
.3813 
.3776 
.3720 
.3694 

Tablb  5. 

COMPRESSED  "A"  COPPERS. 

(Five  coppers  compressed  to  46,000  pounds  per  square  inch  at  Frankford  Arsenal,  then  compressed  by 
1,000-pound  increments  to  63,000  pounds  per  square  inch  at  Watertown  Arsenal.  Length  of  coppers 
taken  as  received  and  after  each  load  of  1,000  pounds  per  square  inch.  39  pounds— 1,000  pounds  per 
square  inch.] 


Applied  loads. 

Lengths  after  loading. 

Maxi- 
mum. 

Mean. 

Mini- 
mum. 

Total 
pounds. 

Pounds 

per  square 

inch. 

1 

2 

3 

4 

6 

0 
1,794 
1,833 
1,872 
1,911 
1,950 
1,989 
2,028 
2,067 

45,000 
46,000 
47,000 
48,000 
49,000 
60,000 
51,000 
52,000 
63,000 

Inek. 

0.3430 
.3232 
.3189 
.3156 
.3122 
.3089 
.3053 
.3047 
.3003 

Inek. 

0.3433 
.3218 
.3190 
.3148 
.3112 
.3076 
.3052 
.3044 
.2995 

Inch. 

0.3439 
.3240 
.3195 
.3160 
.3122 
.8097 
.3062 
.3029 
.3016 

Inek. 

0.3436 
.3228 
.3188 
.3130 
.3111 
.3065 
.3060 
.3008 
.2984 

Inek. 

0.3436 
.3226 
.3184 
.3159 
.3116 
.3068 
.3042 
.3007 
.2974 

Inek. 

0.3439 
.3240 
.3195 
.3160 
.3122 
.3097 
.3062 
.3047 
.3016 

Inek. 

0.3436 
.3229 
.3189 
.3161 
.3117 
.3079 
.3062 
.8027 

0UHAA 

Inek. 
0.3430 
.3218 
.3184 
.3130 
.3111 
.3066 
.8042 
.3097 
.2974 
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Table  6. 

COMPRESSED  "B"  COPPERS. 

[Five  coppers  compressed  to  45,000  pounds  per  square  inch  at  the  works  of  the  manufacturer,  then  loaded 
to  53,000  pounds  per  square  inch  In  one  operation  at  Watertown  Arsenal.] 


Length  as 
received 

from  man- 
ufacturer 
(inch). 

Applied  loads. 

Length 

after 

loading 

(inch). 

Difference 
(inch). 

Reduction 
(per  cent). 

Total 
pounds. 

Pounds 

persqaure 

inch. 

1 

a  4285 
.4296 
.4303 
.4308 
.4310 

2,120 
2,120 
2,120 
2,120 
2,120 

53,000 
53,000 
53,000 
53,000 
53,000 

0.3828 
.3826 
.3790 
.3847 
.3842 

a  0467 
.0470 
.0613 
.0461 
.0468 

10.87 
10.94 
11.92 
10.79 
10.85 

2 

3 

4 

5 

Mean. 

.0476 

11.07 

COMPRESSED  "A"  COPPERS. 

ffrive  coppers  compressed  to  45,000  pounds  per  square  inch  at  Frankfbrd  Arsenal,  then  loaded  to  53,000 

pounds  per  square  inch  in  one  operation  at  Watertown  Arsenal.] 


1 

a  3429 
.3432 
.3433 
.3430 
.3435 

2,067 
2,067 
2,067 
2,067 
2,067 

53,000 
53,000 
53,000 
53,000 
53,000 

a  3020 
.3058 
.3029 
.3018 
.3090 

a  0409 
.0374 
.0404 
.0412 
.0345 

11.92 
10.89 
11.16 
12.01 
10.04 

2 

3 

4 

5 

Mean 

.0389 

11.21 
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EXAMINATION  OF  COPPEK  CYIDTDERS  FEOM  FBABTKFORD 
AESENAL,  SUBMITTED  BT  THE  COMMAffDIITG  OFFICES, 
SAJTDY  HOOK  PROVING   GROUND. 


OBJECT. 

The  object  of  this  investigation  was  to  examine  a  number  of  copper 
cylinders  taken  from  different  lots  furnished  by  Frankf ord  Arsenal  to 
determine  the  uniformity  of  annealing. 

CONCLUSIONS. 

It  will  be  seen  that  there  is  a  considerable  variation  in  the  grain 
size  among  the  different  coppers  taken  from  the  same  lot.  As  the 
grain  size,  composition,  and  previous  history  depend  upon  the  anneal- 
ing temperature  and  the  time  at  that  temperature,  it  would  seem, 
therefore,  that  there  is  a  great  lack  of  uniformity  existing  in  the 
annealing  practice,  if  the  coppers  examined  are  taken  as  represen- 
tative. 

MATERIAL. 

The  material  examined  was  six  lots  of  coppers  submitted  to  this 
laboratory  by  the  commanding  officer  at  the  Sandy  Hook  Proving 
Ground. 

EXPERIMENTAL. 

The  experimental  work  consisted  entirely  in  microscopic  examina- 
tion of  the  material  in  question.  Thef  standard  magnification  of  100 
diameters  was  used  throughout.  The  ends  of  the  specimens  were 
polished  and  an  attempt  was  made  to  examine  each  specimen  in  a 
similar  location  so  that  the  micrographs  herein  presented  may  be 
directly  compared.  A  sufficient  number  of  micrographs  were  taken 
from  each  lot  of  specimens  to  show  the  variation  in  the  grain  size 
which  was  found  to  be  present. 

Micrographs  Nos.  4188,  4189,  and  4190  were  taken  from  the  cylin- 
ders of  the  lot  of  metal  of  January  13,  1909,  and  annealed  July  26, 
1913.  The  initial  compression  was  given  as  38,000  pounds,  ana  the 
length  was  given  as  0.3116  inch.  Micrographs  Nos.  4191,  4192,  4193. 
and  4194  were  taken  from  the  lot  of  metal  of  May,  1901,  and  annealea 
April  15,  190  ?.  The  initial  compression  was  given  as  40,000  pounds, 
and  the  length  was  given  as  0.3387  inch.  Micrograph  No.  4195  was 
taken  from  the  lot  of  the  metal  of  September  23,  1915,  and  annealed 
July  21,  1916.  The  initial  compression  was  given  as  26,000  pounds, 
and  the  length  was  given  as  0.3832  inch.  Micrographs  Nos.  4196, 
4197,  and  4198  were  taken  from  the  lot  of  metal  of  March  19,  1908, 
and  annealed  June  24,  1908.  The  initial  compression  was  given  as 
42,000  pounds,  and  the  length  was  given  as  0.291 1  inch.  Micrographs 
Nos.  4199,  4200,  4201,  and  4202  were  taken  from  the  lot  of  metal  of 
April  29,  1915,  and  annealed  June  24,  1915.  The  initial  compres- 
sion was  given  as  36,000  pounds,  and  the  length  was  given  as  0.3189 
inch.  Micrographs  Nos.  4203,  4204,  4205,  and  4206  were  taken 
from  the  lot  of  metal  of  April  29,  1915,  and  annealed  June  24,  1915. 
The  initial  compression  was  given  as  zero,  and  the  length  was  given 
as  0.5000  inch. 
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SUPPLEMENTARY  EXAMINATION  OF  COPPEE  CYLINDERS 
FROM  FRANKFORD  ARSENAL,  SUBMITTED  BT  THE  COM- 
MANDING OFFICES,  SANDY  HOOK  PROVING  GROUND. 


OBJECT. 

The  object  of  this  investigation  was  to  examine  an  additional 
number  of  copper  cylinders  taken  from  different  lots  furnished  by 
Frankford  Arsenal  to  determine  the  uniformity  of  annealing. 

CONCLUSIONS. 

The  conclusions  to  be  drawn  are  in  accord  with  those  presented  in 
a  previous Teport.  There  seemed  to  be  considerable  variation  in  the 
grain  size  among  the  different  coppers  taken  frojn  the  same  lot.  As 
the  grain  size,  composition,  and  previous  history  being  identical, 
depends  upon  the  annealing  temperature  and  the  time  at  that  tem- 
perature, it  would  seem  that  there  is  a  great  lack  of  uniformity  exist- 
ing in  the  annealing  practice,  if  the  coppers  examined  are  taken  as 
representative. 

MATERIAL. 

The  material  examined  consisted  of  eight  lots  of  coppers  submitted 
to  this  laboratory  by  the  commanding  officer,  Sandy  Hook  Proving 
Ground. 

EXPERIMENTAL. 

The  experimental  work,  as  in  a  previous  report  on  this  subject, 
consisted  entirely  of  microscopical  examination  of  the  material  in 
question.  The  standard  magnifications  of  100  diameters  was  used 
throughout.  The  specimens  were  polished  in  as  nearly  the  same  man- 
ner to  the  ones  previously  examined  as  was  possible,  in  order  that 
the  micrographs  of  this  report  would  not  only  be  comparable  among 
themselves  but  would  also  be  directly  comparable  with  those  01 
the  previous  report.  A  sufficient  number  of  micrographs  were  taken 
from  each  lot  of  specimens  to  show  the  variation  in  the  grain  size 
which  was  found  to  be  present. 

Micrographs  Nos.  4214,  4215,  and  4216  were  taken  from  the  cyl- 
inders of  the  metal  of  March  19,  1908,  annealed  June  24;  1908.  The 
length  was  given  as  0.2911  inch  and  the  initial  compression  as  42,000 

Jtounds.  Micrographs  Nos.  4217,  4218,  4219,  and  4220  were  taken 
rom  the  lot  of  metal  of  April  29,  1915,  annealed  June  24,  1915.  The 
length  was  given  as  0.5000  inch,  and  the  initial  compression  as  zero. 
Micrographs  Nos.  4221,  4222,  and  4223  were  taken  from  the  lot  of 
metal  of  April  27,  1912,  annealed  July  18,  1912.    The  length  was 

S'ven  as  0.3822  inch,  and  the  initial  compression  as  24,000  pounds, 
icrographs  Nos.  4224,  4225,  and  4226  were  taken  from  the  lot  of 
metal  of  May,  1901,  annealed  April  15,  1905.  The  length  was  given 
as  0.3387  inch,  and  the  initial  compression  as  40,000  pounds.    Micro- 
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fraphs  Nos.  4227,  4228,  and  4229  were  taken  from  the  lot  of  metal  of 
anuary  29,  1910,  annealed  October  3,  1915.  The  length  was  given 
as  0.3720  inch,  and  the  initial  compression  as  34,000  pounds.  Micro- 
graphs Nos.  4230,  4231,  and  4232  were  taken  from  the  lot  of  metal 
of  September  23, 1915,  annealed  July  31,  1916.  The  length  was  riven 
as  0.3700  inch,  and  the  initial  compression  as  28,000  pounds.  Micro- 
graphs Nos.  4233,  4234,  and  4235  were  taken  from  the  metal  of  June 
19, 1913,  annealed  July  28, 1913.  Hie  length  was  given  as  0.3866  inch, 
and  the  initial  compression  as  20,000  pounds.  Micrographs  Nos. 
4236,  4237,  and  4238  were  taken  from  the  lot  of  metal  of  January  13, 
1909,  annealed  July  26,  1913.  The  length  was  given  as  0.3116  inch, 
and  the  initial  compression  as  38,000  pounds. 
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COMPRESSIVE    TESTS   AND    MICROSCOPICAL    EXAMINATION 
OF   COPPER   CYLINDERS   FOB   PRESSURE   GAUGES. 

OBJECT. 

The  object  of  this  investigation  was  to  ascertain  if  the  latest  oop- 

f>ers   manufactured   by   Frankford   Arsenal   would   compare   more 
avorably  with  regard  to  uniformity  with  the  coppers  of  other  manu- 
facturers than  those  which  had  previously  been  examined. 

MATERIAL. 

The  material  investigated  consisted  of  a  number  of  copper  cylinders 
received  from  Frankford  Arsenal  and  a  number  of  coppers  from  other 
manufacturers  which  had  been  in  the  laboratory  since  the  submis- 
sion of  the  first  report  on  this  subject.     (See  p.  133.) 

CONCLUSIONS. 

It  seems  very  evident  from  the  data  presented  in  this  report  that 
the  coppers  examined  from  Frankford  Arsenal  were  more  uniform 
than  those  previously  examined,  and  compared  very  favorably  with 
the  coppers  of  other  manufacturers. 

OUTLINE   OF  INVESTIGATION. 

Coppers  recently  submitted  by  Frankford  Arsenal  will  be  known 
herein  as  "C"  coppers.  Coppers  previously-  submitted  by  other 
manufacturers  and  on  hand  in  the  testing  laboratory  will  in  this 
report  be  known  as  "D"  coppers. 

(1)  Five  uncompressed  "C  "  coppers  were  loaded  to  45,000  pounds 

Eer  square   inch  in   one  operation.     The   length  was   determined 
efore  and  after  loading. 

(2)  Five  uncompressed  "D"  coppers  were  loaded  to  45,000  pounds 
per  square  inch  in  one  operation.  The  length  was  determined 
before  and  after  loading. 

(3)  Five  uncompressed  "C"  coppers  were  loaded  to  45,000  pounds 
per  square  inch  in  one  operation,  and  then  by  1,000  pounds  per 
square  inch  increments  up  to  53,000  pounds  per  square  inch  at 
Watertown  Arsenal.     The  length  was  determinea  after  each  load. 

(4)  (3)  was  repeated  with  "D"  coppers. 

(5)  Five  uncompressed  "C"  coppers  wore  compressed  to  45,000 
pounds  per  square  inch  in  one  operation,  the  load  removed  and  then 
reloaded  to  45,000  pounds  per  square  inch  after  standing  one-half 
hour.    Above  operation  repeated. 

(6)  (5)  was  repeated  with  "D"  coppers. 

(7)  Five  uncompressed  "C"  coppers  were  compressed  by  incre- 
ments of  10,000  pounds  per  square  inch  up  to  40,000  pounds,  and 
then  by  a  5,000-pound  per  square  inch  increment  to  45,000  pounds 
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per  square  inch,  the  length  being  measured  after  each  application 
of  the  load. 

(8)  Five  uncompressed  "D"  coppers  tested  as  in  (7). 

All  loading  increments  and  total  loads  in  the  above  outline  are 
expressed  in  pounds  per  square  inch,  computed  on  the  area  of  the 
copper  cylinders  with  zero  initial  compression. 

The  coppers  tested  were  selected  at  random  from  the  lots  furnished 
by  the  manufacturers,  and  Frankford  Arsenal.  In  each  of  the  tests 
indicated  above,  the  mean  value  of  the  length  of  the  coppers  was 
determined  for  each  operation,  and  the  maximum- and  minimum 
values  for  individual  coppers  Was  also  determined. 

CONCLUSIONS. 

a  Referring  first  to  Table  1,  it  should  be  noted  that  with  one  excep- 
tion the  "C"  coppers  gave  a  very  uniform  reduction  of  length  when 
loaded  to  45,000  pounds  per  square  inch  in  one  operation.  The 
greatest  divergence  from  the  mean  reduction  of  length  for  the  "C" 
coppers  was  0.5  per  cent,  whereas  for  the  "D"  coppers  the  greatest 
divergence  was  0.4  per  cent. 

Referring  next  to  the  uncompressed  coppers  which  were  loaded  to 
45,000  pounds  per  square  inch  in  one  operation,  and  then  by  incre- 
ments of  1,000  pounds  per  square  inch  to  53,000  pounds  per  square 
inch,  it  will  be  noted  by  referring  to  Tables  2  and  -3  that  the  *'D" 
coppers  gave  less  divergence  from  the  mean  than  did  the  "C"  cop- 
pers, or  Frankford  Arsenal  product.  This  is  more  clearly  brought  out 
by  reference  to  the  curves  on  pages  147  and  148.  A  curve  is  drawn 
through  the  mean  value,  and  the  maximum  and  minimym  values 
are  plotted  above  and  below  the  curve  in  every  case.#  Comparing, 
however,  the  "C"  coppers  on  curves  on  page  149  with  the  curve 
obtained  on  the  Frankford  Arsenal  coppers  which  were  previously 
examined,  it  is  very  evident  that  the  lot  reported  herein  gives  more 
consistent  results. 

An  additional  experiment  was  tried  with  both  the  "D"  coppers  and 
the  Frankford  Arsenal  coppers  which  consisted  in  repeating-  the 
loading  to  45,000  pounds  per  square  inch,  with  a  period  of  rest  of 
one-half  hour  intervening  between  each  load.  A  comparison  of 
Tables  4  and  5,  together  with  an  examination  of  curves  on  pages  149 
and  150  will  show  that  the  maximum  and  minimum  values  departed 
less  from  the  mean  values  in  the  case  of  the  "C"  coppers.  On  these 
two  curves,  the  upper  curve  represents  the  maximum  value;  the 
middle  curve,  the  mean  value;  and  the  lower  curve,  the  minimum 
value. 

The  results  of  the  next  experiment,  which  consisted  in  compressing 
both  "C"  and  "D"  coppers  by  increments  of  10,000  pounds  per 
square  inch  up  to  40,000  pounds  per  square  inch,  and  then  by  an 
additional  increment  of  5,000  pounds  per  square  inch  to  45,000 
pounds  per  square  inch,  are  plotted  on  pages  151  and  152.  The  data 
obtained  are  shown  in  Tables  6  and  7.  From  an  inspection  of  these 
curves  and  data  tables,  it  is  apparent  that  the  "C  coppers  gave 
slightly  more  consistent  results  m  this  test  than  the  "D"  coppers. 

In  view  of  the  data  above  presented,  it  would  appear  that  the  lot 
of  Frankford  Arsenal  coppers  reported  on  herein  gave  as  consistent 
results  under  the  various  tests  as  the  coppers  of  other  manufacturers. 
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In  addition  to  the  physical  tests  obtained,  a  number  of  coppers 
were  selected  for  microscopical  examination.  Ten  specimens  were 
selected  at  random  from  the  lot.  The  photomicrographs  incorporated 
in  this  report  show  the  structures  obtained.  A  comparison  of  these 
various  structures  shows  that  a  fair  degree  of  uniformity  exists. 
The  grain  size  does  not  vary  to  any  marked  degree.  Two  specimens, 
however,  show  a  slight  amount  of  cold  work,  micrographs  No.  4250 
and  No.  4255.  In  general,  it  may  be  stated  that  the  structures  ob- 
served are  much  more  uniform  than  those  reported  previously. 

Table  ]. 

UNCOMPRESSED  "C"  COPPERS. 

[Five  coppers  loaded  to  45,000  pounds  per  square  inch  in  one  operation.  Average  diameter  of  5  coppers 
—0.22©  inch— 0.0401  square  inch  sectional  area;  40.1  pounds— 1,000  pounds  per  squaie  inch.  Length 
taken  before  and  after  a  load  of  45,000  pounds  per  square  inch.] 


V 

Specimen  No. 

Length 
before 
(inch). 

Applied  load. 

Length 

after 

(inch). 

Difference 
(inch). 

Reduction 
of  length 
(per  cent). 

Total 
pounds. 

Pounds 

per  square 

inch. 

1 

a  4oio 

.4004 
.4008 
.4010 
.4015 

1,804 
1,804 
1,804 
1,804 
1,804 

45,000 
45,000 
45,000 
45,000 
45,000 

a  3315 
.3323 
.3347 
.3318 
.3330 

0.0005 
.0081 
.0661 
.0602 
.0685 

17.3 
17.0 
16.4 
17.2 
17.0 

2 

3 

4 

5 

Mean 

.  0683    !           ml  0 

UNCOMPRESSED  "D"  COPPERS. 

(Five  coppers  loaded  to  45,000  pounds  per  square  Inch  in  one  operation.  Average  diameter  of  5  coppers 
—0.225  inch— 0.0397  square  inch  sectional  area;  39.7  pounds— 1,000  pounds  per  square  inch.  Length 
taken  before  and  after  a  load  of  45,000  pounds  per  square  inch.] 


1. 
2. 

3. 

4 
5. 


Mean 


a  5008 
.5008 
.5005 

.5012 
.5010 


1,780 
1,789 
1,789 
1,789 
1,789 


45,000 
45,000 
45,000 
45,000 
45,000 


0.4110 
.4132 
.4135 
.4135 
.4122 


0.0&)8 
.0876 
.0870 
.0877 
.0888 

.0882 


17.9 
17.4 
17.3 
17.5 
17.7 

17.5 
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Table  2. 

UNCOMPRE8SED  "C"  COPPERS. 

( Five  coppers  eompiesaed  in  one  operation  by  a  load  of  45,000  pounds  per  square  inch,  and  then  by  1,000- 
pound  increments  to  53,000  pounds  per  square  inch,  the  length  being  deteimined  after  each  load.] 


Applied  loads. 

Lengths  after  loading. 

• 

Maxi- 
mum. 

■ 

Mini- 
mum. 

'  Mean. 

Total 
pounds. 

Pounds 
per  square 

1 

2 

3 

4 

5 

0 
1,804 
1,844 
1,884 
1,924 
1,964 
2,004 
2,044 
2,084 
2,124 

riffeiei 

Reducl 

cent. 

0 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
53,000 

tlon,  per 

Inch. 
a  4008 
.3341 
.3281 
.3230 
.3212 
.3182 
.3140 
.3105 
.3076. 
.3045 

Inch.  . 
a  4005 
.3305 
.3270 
.3230 
.3102 
.3165 
.3125 
.3102 
.3043 
.3014 

Inch. 

0.4007 
.3299 
.3260 
.3226 
.3190 

t.3145 
.3106 
.3068 
.3033 
.3002 

Inch. 
a  4012 
.3330 
.3290 
.3250 
.3219 
.3190 
.3153 
.3120 
.3090 
.3060 

Inch. 
a  4005 
.3205 
.3250 
.3228 
.3189 
.3161 
.3116 
.3078 
.3054 
.3023 

Inch. 
0.4012 
.3341 
.3290 
.3250 
.3219 
.3190 
.3153 
.3120 
.3090 
.3060 

Inch. 
0.4005 
.3205 
.3250 
.3226 
.3180 
.3145 
.3106 
.3068 
.3033 
.3002 

Inch. 
0.4007 
.3314 
.3272 
.3232 
.3200 
.3168 
.3128 
.3094 
.3059 
.3028 

.0963 
24.0 

.0091 
24.7 

.1005 
25.0 

.0952 
23.7 

.0982 
24.  & 

i  Set  in  slight  twist  from  here  on. 
Table  3. 

UNCOMPRESSED  "D"  COPPERS. 

[  Five  coppers  compressed  in  one  operation  by  a  load  of  45,000  pounds  per  square  inch,  and  then  by  1,000- 
pound  increments  to  53,000  pounds  per  square  inch,  the  length  being  deteimined  aftei  each  toad.] 


Applied  loads. 

Lengths  after  loading. 

Maxi- 
mum. 

Mini- 
mum. . 

Mean. 

Total 
pounds. 

Pounds 
per  square 

1 

2 

3 

4 

5 

0 
1,789 
1,829 
1,868 
1,908 

1,987 
2,027 
2,067 
2,107 

0 
45,000 
46,000 
47,000 
48,000 
40,000 
50,000 
61,000 
52,000 
53,000 

Inch. 
a  5010 
.4154 
.4084 
.4041 
.4008 
.3070 
.3036 
.3880 
.3832 
.3800 

Inch. 
0.5006 
.4135 
.4086 

.  WVJ 

.4006 
.3984 
.3940 
.3882 
.3841 
.3804 

Inch. 
a  5010 
.4152 
.4110 
.4071 
.4028 
.3991 
.3953 
.3898 
.3854 
.3822 

Inch. 
a  5008 
.4144 
.4111 
.4065 
.4022 
.3985 
.3950 
.3901 

Inch. 
a  5006 
.4130 
.4090 
.4047 
.4010 
.3063 
.3924 
.3872 
.3831 
.3795 

Inch. 
a  5010 
.4154 
.4111 
.4071 
.4028 
.3991 
.3953 
.3901 
.3854 
.3829 

Inch. 
0.5006 
.4130 
.4084 
.4041 
.4006 
.3963 
.3924 
.3872 
.3831 
.3705 

Inch. 
a  5008 
.4144 
.4096 
.4054 
.4015 
.3075 
.3941 
.3887 
.3840 
.3810 

.3829 

Different*    

.1210 
24.1 

.1202 
24.0 

.1188 
23.7 

.1179 
23.5 

.1211 
24.1 

Reducl 
cent. 

;ion,  per 
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Table  4. 


UNCOMPRESSED  «C"  COPPERS. 


[Coppers  compressed  In  one  operation  to  46,000  pounds  per  square  inch,  load  removed,  and  then  reloaded 
to  45,000  pounds  per  square  inch  after  standing  one-half  hour.    Above  operation  repeated.] 


Applied  loads. 

Lengths  after  loading. 

Maxi- 
mum. 

Mini- 
mum. 

* 

Mean. 

Total 
pounds. 

Pounds 

per  square 

inch. 

1 

1 

2 

• 

3 

4 

5 

0 
1,804 

0 
1,804 

0 
1,804 

0 
45,000 

0 
45,000 

0 
45,000 

Inch. 

0.4011 
.3318 
.3318 
.3288 
.3288 
.3275 

Inch. 

0.4011 
.3310 
.3310 
.3288 
.3288 
.3274 

Inch. 

0.4004 
.3297 
.3297 
.3276 
.3277 
.3260 

Inch. 

0.4007 
.3316 
.3316 
.3282 
.3282 
.3266 

Inch. 

0.4008 
.3320 
.3320 
.3295 
.3296 
.3284 

Inch. 

0.4011 
.3320 
.3320 
.3296 
.3296 
.3284 

Inch. 

0.4004 
.3297 
.3297 
.3276 
.3277 
.3260 

Inch. 
0.4007 
.3312 
.3312 
.3285 
.3286 
.3271 

Difference 

.0736          -0737 

.0734 
18.3 

.0742 
18.5 

.0722 
18.0 

1 

Reductj 
cent). 

Ion    (per 

• 

18.3 

18.3 

4 

• 

Table  5. 


UNCOMPRESSED  «D"  COPPERS. 

[Coppers  compressed  in  one  operation  to  45,000  pounds  per  square  inch,  load  removed,  and  then  reloaded 
to  45,000  pounds  per  square  inch  after  standing  one-half  hour.    Above  operation  repeated.] 


1 

Applied  loads. 

Lengths  after  loading. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

• 

Total 
pounds. 

Pounds 

per 

square 

inch. 

1 

2 

3 

4 

5 

t> 

0 
1,789 

0 
1,789 

0 
1,789 

0 
45,000 

0 
45,000 

0 
45,000 

Inch. 
0.5009 
.4115 
.4115 
.4090 
.4090 
.4071 

Inch. 
0.5008 
.4140 
.4139 
.4092 
.4092 
.4065 

Inch. 
0.5008 
.4133 
.4133 
.4092 
.4092 
.4076 

Inch. 

0.5012 
.4162 
.4162 
.4128 
.4128 
.4102 

Inch. 

0.5008 
.4158 
.4154 
.4134 
.4130 
.4104 

Inch. 

0.5005 
.4138 
.4138 
.4107 
.4106 
.4090 

Inch. 

0.6012 
.4162 
.4162 
.4128 
.4128 
.4104 

Inch. 

0.5005 
.4115 
.4115 
.4090 
.4060 
.4065 

Inch. 
0.5008 
.4141 
.4140 
.4107 
.4106 
.4084 

Different 

.0938 
18.7 

.0943 
18.8 

.09)2 
18.6 

.0910 
18.1 

.0904 
18.0 

.0915 
18.2 

Reduct 

cent) 

ion  (per 

156 


RESEARCH. 

f 
i 

Table  6. 

UNCOMPRESSED  "C"  COPPERS. 


[Coppers  compressed  by  increments  of  10,000  pounds  per  square  inch.  The  length  was  measured  after 
each  application  of  the  load.  Loading  was  continued  by  10,000-pound  increments  to  40,000  pounds, 
and  then  by  one  5,000-pound  increment  to  45,000  pounds  per  square  inch.] 


Applied  loads. 

Lengths  after  loading. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Total 
pounds. 

Pounds 

per  square 

inch. 

1 

2 

3 

4 

5 

0 

401 

802 

1,20) 

1,604 

1,804 

0 
10,000 
20,000 
30,000 
40,000 
45,000 

■  Inch. 
0.4008 
.3974 
.3818 
.3662 
.3431 
.3302 

Inch. 

0.4007 
.3966 
.3838 
.3654 
.3434 
.3301 

Inch. 

0.4005 
.3968 
.38J7 
.3652 
.3430 
.3303 

Inch. 

0.4008 
.3962 
.3825 
.3641 
.3412 
.3288 

Inch. 

0.4008 
.3964 
.3834 
.3649 
.3424 
.3292 

Inch. 

0.4008 
.3974 
.3838 
.3662 
.3434 
.3303 

Inch. 

0.4005 
.3962 
.3825 
.3641 
.3412 
.3288 

Inch. 
0.4007 
.1966 
.3834 
.3651 
.3432 
.3297 

Difference 

.0706 
17.6 

.0706 
17.6 

.0702 
17.5 

.0720 
17.9 

.0716 
17.8 

Reductj 
cent). 

Ion    (per 

Table  7. 


UNCOMPRESSED  "D"  COPPERS. 


[Coppers  compressed  by  increments  of  10,000  pounds  per  square  inch.  The  length  was  measured  after  each 
application  of  the  load.  Loading  was  continued  by  10,000-pound  increments  to  40,000  pounds,  and  then 
by  one  5,000-pound  increment  to  45,000  pounds  per  square  inch.  Average  diameter  of  6  coppers»0.225 
inch-0.0397  square  inch  sectional  area.] 


Applied  loads. 

Lengths  after  loading. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Total 
pounds. 

Pounds 

per 

square 

inch. 

1 

2 

3 

4 

5 

6 

0 

397 

795 

1,192 

1,590 

1,789 

0 
10.000 
20,000 
30,000 
40,000 
45,000 

Inch. 

0.5001 
.4951 
.4773 
.45*2 
.4277 
.4124 

Inch. 
0.5008 
.4950 
.4785 
.4561 
.4298 
.4147 

Inch. 

0.5004 
.4950 
.4783 
.4616 
.4282 
.4126 

Inch. 

0.5009 
.4946 
.4761 
.4534 
.4258 
.4100 

Inch. 

0.5004 
.4948 
.4769 
.4548 
.4277 

t.4049 

Inch. 

0.5010 
.4942 
.4774 
.4548 
.4289 
.4128 

Inch. 

0.5010 
.4951 
.4785 
.4616 
.4298 
.4147 

Inch. 

0.5001 
.4942 
.4761 
.4534 
.4277 
.4100 

Inch. 
0.5006 
.4948 
.4773 
.4560 
.4280 
.4125 

Difference 

.0877 
17.5 

.0861 
17.1 

.0878 
17.5 

.0909 
18.1 

.0882 
17.6 

Reduct 
cent) 

ion  (per 

» 

1  Results  not  computed  on  this  specimen.    Another  specimen  selected  and  tested. 
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EXPERIMENTAL  TESTS  ON  15-POUNDER  BARBETTE  CAR- 
RIAGE 1898MI  PISTON  BOD  RECEIVED  AT  THIS  ARSENAL 
FROM  FORT  RODMAN. 

OBJECT. 

This  arsenal  was  directed  to  recommend  such  modifications  in 
material  as  seemed  desirable  for  all  piston  rods  which  had  previously 
been  designated  in  connection  with  this  carriage  to  be  made  of 
forged  steel  C. 

MATERIAL. 

A  piston  rod  was  received  from  Fort  Rodman  with  a  request  that 
complete  shock  tests  be  carried  out.  This  piston  rod  was  manu- 
factured for  the  northern  armament  district. 


CONCLUSIONS. 

In  view  of  the  results  shown  in  this  report  it  is  not  thought  neces- 
sary to  make  any  changes  in  the  material  of  the  rods  for  the  northern 
armament  district.  It  is  believed  that  forged  steel  C  is  a  better 
material  to  withstand  suddenly  applied  loads  than  forged  steel  D 
unless  special  precautions  are  taken  in  the  heat  treatment  of  the 
latter  composition. 

EXPERIMENTAL. 

Two  tensile  specimens,  eight  notched  transverse  Charpy  specimens, 
two  notched  tensile  Charpy  specimens,  and  two  tensile  Charpy 
specimens  without  the  notcn  were  taken  from  the  piston  rod  referred 
to  above.    The  results  obtained  were  as  follows: 

Static  tensile  specimens  from  piston  rod. 


Maiks. 

Yield 

point 

(pounds 

per  square 

inch). 

Tensile 

strength 

(pounds 

per  square 

inch). 

Elongation 
in  2  inches 
(percent). 

Contracticn 

of  area 
(per  cent). 

46.2 
46.2 

Brinell 
hardness. 

1 
3 

115,500 
116,000 

135,500 
136,500 

19.5 
19.5 

269 
267 

Notched  transverse  Charpy  specimens  from  piston  rod. 
[Each  set  of  4  tqken  fiom  opposite  ends  of  piston  rod.] 


Test 

piece 

marks. 

Sise  specimen 
(millimeters). 

Dimensions. 

Sectional 

area 

(square 

inch). 

Charpy  test  results. 

Average 
vahies 
(foot- 
pounds 

per 
square 
inch). 

Width 
(inch). 

Thick- 
ness from 
bottom 
of  slot 
(inch). 

Excess 
angle. 

Foot- 
pounds 
absorbed. 

Foot- 
pounds 

per 
square 

inch. 

1 
1 
1 
1 
3 
3 
3 

10  by  10  by  55.... 
do 

0.398 

g 

0.198 
7 
7 
9 
.197 
8 
8 
8 

0.0788 
84 
88 
88 
.0784 
90 
86 
86 

141.4 
141.5 
141.0 
14a  5 
142.0 
143.9 
142.9 
143.5 

13.71 
13.59 
14.21 
14.84 
12.98 
10.72 
11.90 
11.19 

174 
173 
180 
1K8 
165 
135 
151 
142 

178 
148 

do 

do 

•    •         *    a\A\^a  •  •  *    •    •    •■■••■ 

..  ..do 

do 

8 

8 

.398 

9 

7 

3 

do 

7 

1 

116404—20- 
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Tensile  Charpy  bars. 

WITH  GROOVES. 


Test 

piece 

marks. 

Dimensions. 

• 

Sectional 

area 

(square 

inch). 

Charpy  test  results. 

Average 

values 

(foot- 
pounds 1 
per 

square 

inch). 

Diameter 
of  bar. 

Diame- 
ter at 
bottom 
of  slot 
(inch). 

i 

23T  jS& 

Foot- 
pounds 

per 
square 

inch. 

2 
2 

0.394 
.394 

0.238 
.240 

0.0444 
.0452 

134.4    :      23.00 
136.0    '      20.77 

518 
437 

}       477 

WITHOUT  GROOVES. 
[Bars  turned  down  to  bottom  of  groove  for  a  length  of  2  inches.] 


2 
2 

0.237    i      0.237 
.237    |        .237 

i 

0.0441 
.0441 

68.0 
36.0 

I                   1 
145.5    1      3,296    ;\        -« 
195.0    1      4,422     /        ** 

TENSILE  CHARPY  BAR8  WITHOUT  GROOVES. 


Elongation  in  2  inches. 
1      Inch,      i   Percent. 

Diameter 
at  fracture. 

i 

1 
Contraction 
(per  cent). 

0.26 
.33 

i 

13.0        '        0.178 
16.5        j          .165 

43.7 
51.7        | 

i 

The  severe  effect  of  a  slight  change  of  section  is  well  illustrated 
in  the  two  tests  given  above.  The  first  bar  broke  at  a  tool  mark 
which  was  only  a  few  thousandths  of  an  inch  in  depth. 

An  inspection  of  the  above  tables  will  show  that  the  tensile  prop- 
erties of  this  material  are  equivalent  to  forged  steel  D. 

The  average  Charpy  value,  as  determined  from  the  notched 
transverse  bar,  is  approximately  150  foot-pounds.  This  value  is 
about  what  can  be  expected  in  the  ordinary  treatment  of  C  or  D 
steels.  A  value  of  100  or  150  per  cent  higher  than  that  actually 
found  can  be  obtained  if  special  precautions  are  followed  in  select- 
ing proper  stock  and  heat  treating  with  the  idea  in  view  that  the 
Charpy  test  is  a  criterion  of  quality  rather  than  the  static  tensile 
test. 

The  situation  summarizes  itself  as  follows:  The  Charpy  test 
obtained  on  this  rod  was  equal  to  that  which  could  be  expected  in 
the  commercial  treatment  of  this  material.  In  other  words,  it  is 
the  Charpy  value  which  may  reasonably  be  expected  when  the 
static  tensde  test  is  taken  as  the  criterion  of  the  desired  qualities. 


TEMPERATTTBE  OBSERVATIONS  OH  THE  HEATING,  QUENCH- 
ING, AND  DRAWING  OF  PISTON  BOD  FOB  12-INCH  BAE- 
BETTE   CARRIAGE,  MODEL    1917. 

OBJECTS. 

The  object  of  this  investigation  was  to  obtain  accurate  data  on  the 
rate  of  heating  and  cooling  of  large  masses  of  steel.  It  was  also 
desired  to  determine  the  relation  existing  between  temperature  of 
furnace  and  temperature  of  steel,  and  the  relation  of  the  heating 
curve  of  the  furnace  to  the  rate  of  heating  of  steel.  The  rate  of 
cooling  when  the  forging  was  quenched  in  oil  was  also  determined. 

CONCLUSIONS. 

The  inverse  rate-cooling  curve  reproduced  in  this  report  shows 
that  even  with  large  masses  of  steel  the  critical  point  is  well  marked. 
The  heating  curves  show  that  the  forging  never  attained  the  tem- 
perature of  the  furnace  but,  on  the  contrary,  was  considerably  lower. 

A  study  of  the  heating  curves  indicates  that  for  any  given  tem- 
perature of  furnace,  the  maximum  temperature  to  whicn  the  iaterior 
of  the  piece  will  rise  is  soon  established. 

It  has  also  been  shown  that  a  large  piece  such  as  used  in  this 
experiment  does  not  lose  any  appreciable  amount  of  heat  during  a 
short  interval  in  the  air,  which  naturally  must  occur  while  transfer- 
ring a  piece  from  the  furnace  to  the  quenching  bath. 

It  will  also  be  seen  from  the  curves  that  the  hotter  the  furnace  the 
more  nearly  does  the  temperature  of  the  piece  coincide  with  that  of 
the  furnace. 

The  rate  of  cooling  of  a  large  piece  when  quenched  in  oil  is  far  from 
being  so  rapid  as  is  generally  supposed,  13  minutes  being  required  for 
the  center  of  the  piece  to  cool  from  800°  to  300°. 

EXPERIMENTAL. 

« 

The  observations  in  this  experiment  were  made  on  a  piston  rod, 
14  feet  in  length  and  8  inches  in  diameter.  The  rod  was  lowered 
into  the  vertical  oil-fired  furnace  by  means  of  an  overhead  crane  and 
held  in  proper  position.  Five  base  metal  thermocouples  were  used 
in  making  the  temperature  measurements.  One  was  placed  at  the 
top,  two  were  placed  near  the  middle,  and  one  at  the  bottom.  The  end 
of  the  protecting  tubes  were  placed  against  the  piston  rod,  and  thus 
the  actual  hot  junctions  of  tne  couples  were  in  each  case  approxi- 
mately 2  inches  from  the  piston  rod.  .  A  fifth  couple  was  inserted 
in  the  center  of  the  lower  end  of  the  rod  at  a  depth  of  6  inches. 
This  couple  was  for  the  purpose  of  determining  the  temperature  of 
the  interior  of  the  rod  itself.     The  arrangement  of  the  couples  is 

shown  in  the  following  sketch,  page  160. 
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The  long  couple  used  in  determining  the  temperature  of  the  piston 
rod  was  carefully  insulated  and  after  the  junction  was  inserted  to 
the  proper  depth  in  a  hole  drilled  in  the  rod  for  that  purpose.  It  was 
firmly  padded  with  asbestos  felt.  This  packing  was  for  the  purpose 
of  excluding  all  furnace  gases  or  oil  which  might  be  introduced  during 
the  heating  and  quenching  operations. 

All  of  the  couples  were  of  the  base  metal  type  made  from  iron  and 
constantan  wire.  The  four  which  were  used  to  determine  the  furnace 
temperature^  i.  e.,  those  on  outside  of  piston  rod,  were  connected  to  a 
recording  potentiometer,  while  the  fifth  was  connected  to  a  portable 
potentiometer.  With  this  arrangement  for  determining  temperatures 
the  data  may  be  taken  as  reliable  within  10°,  as  both  the  instruments 
and  couples  were  carefully  calibrated  before  the  observations. 

The  rod  was  gradually  heated  to  835°  C.  and  held  approximately 
one  hour  at  that  temperature  before  auenching.  The  total  time  of 
heating  was  a  little  over  six  hours.  Alter  holding  the  rod  at  835°  C. 
for  the  desired  length  of  time,  it  was  removed  from  the  furnace  and 
quenched  in  cottonseed  oil. 

The  total  time  elapsing  between  removing  the  rod  from  the  furnace 
and  quenching  was  10  minutes.  During  this  interval  of  10  minutes' 
suspension  in  the  air  the  temperature  of  the  rod  as  measured  by  the 
couple  inserted  in  the  end  fell  only  8°  C. 

A  study  of  the  curves  at  the  end  of  this  report  will  bring  out  many 
points  of  interest.  First,  it  will  be  noted  at  the  beginning  of  oper- 
ations when  the  temperature  of  the  furnace,  as  indicated  by  the 
average  of  the  four  couples  near  the  surface,  all  of  whose  readings 
closely  agreed,  was  480°  C;  that  of  the  rod  was  only  100°  C.  Curves 
No.  1  and  No.  2  of  the  furnace  and  piston  rod,  respectively,  are 
plotted — time  as  abscissas  and  temperature  as  ordinates.  The  tem- 
perature was  read  every  10  minutes. 

It  will  b'e  noted  that  the  temperature  of  the  furnace  at  no  time 
was  attained  by  the  rod  and  that  the  lower  the  temperature  the  wider 
the  range  between  furnace  and  piston  rod.  It  will  be  further  noted 
that  holding  the  furnace  temperature  constant  at  900°  C.  imparted  a 
uniform  and  nonvarying  temperature  of  835°  C.  to  the  piston  rod. 

Curves  No.  3  and  No.  I  show  a  similar  relation  between  temperature 
of  furnace  and  temperature  of  piston  rod  during  the  drawing  operation. 

An  inverse  rate  and  temperature-time  curve,  plotted  from  the 
data  obtained  on  the  cooling  of  the  piston  rod  when  quenched  in  oil 
is  also  shown.  It  will  be  noted  that  the  rate  of  cooling  is  far  from 
being  as  rapid  as  is  commonly  supposed  to  result  from  oil  quenching. 
The  transformation  at  the  critical  point  was  so  distinct  and  well 
defined  that  it  could  easily  be  detected  on  heating  by  observing  the 
electromotive  force  indicated  by  the  couple,  the  temperature  actually 
remaining  constant  a  short  time  at  this  point,  which  occurred  at 
702°  C.  The  critical  point  on  cooling  i3  also  plainly  seen  in  the 
inverse  rate-cooling  curve.  It  occurred  at  600°  C,  when  the  rod 
was  quenched  in  oil. 
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EXAMINATION    OF    AEMOUE    PLATE    FEOM    BOCK    ISLAND 

ABSEJTAL. 

OBJECT. 

The  object  of  this  investigation  was  to  examine  the  structure  of 
the  plate  where  it  had  been  cut  with  an  oxyacetylene  torch,  and  to 
show  any  change  in  structure  that  might  have  been  caused  by  this 
method  of  cutting. 

The  hardness  near  the  edge  and  center  was  also  obtained  by  both 
the  Shore  and  Brinnell  methods. 

EXPERIMENT  ALS . 

A  piece  of  metal  having  the  shape  shown  on  page  165  was  submitted 
for  examination. 

Hardness  tests  were  first  made  and  the  location  and  results  of  these 
tests  are  shown  on  page  165.    This  table  is  self-explanatory. 

The  piece  was  then  cut  up  and  specimens  taken  for  microscopic 
examination  as  shown  in  sketch  2,  page  166.     Specimen  No.  1  was 

golished  along  the  face  AB.  The  plate  was  then  cut  along  the  line 
D  and  again  along  FH.  The  strip  thus  cut  out  was  cut  m  two  at 
EG  and  tne  two  halves  polished  along  the  faces  of  CE  and  ED, 
respectively. 

The  results  of  the  microscopic  examination  may  be  summed  up 
briefly  as  follows : 

1.  There  is  a  difference  in  structure  where  the  metal  was  subjected 
to  the  heat  necessary  in  cutting. 

2.  The  line  of  demarcation  oetween  the  metal  affected  and  that 
unaffected  is  very  sharp — that  is,  the  change  is  abrupt  and  not  a 
gradual  one. 

3.  At  the  extreme  edge  there  is  a  very  thin  layer  which  is 
martensitic. 

The  following  micrographs  show  the  structure  of  the  heated  metal, 
the  sharp  line  of  distinction  between  heated  and  unheated  metal, 
and  the  metal  not  affected  at  all  by  the  heating. 

The  sharp  line  of  demarcation  of  structure  occurred  approximately 
4  millimeters  distant  from  the  cut.  Farther  back  from  this  line  of 
demarcation  the  metal  had  been  slightly  softened  which  was  probably 
due  to  a  tempering  action. 
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DETERMINATION  OF  THE  EFFECT  OF  MAXIMUM  TEMPER- 
ATURE OF  HEATING  OH  THE  RETENTION  OF  THE  TRAN- 
SITION CONSTITUENTS  OF  CHROME-NICKEL  STEEL. 

m 

OBJECT. 

The  object  of  this  investigation  was  to  determine  the  effect  pro- 
duced by  variations  in  the  maximum  temperature  of  heating  on  the 
transition  temperature,  the  microstructure  and  Brinell  hardness  of 
chrome-nickel  steel. 

CONCLUSIONS. 

Heating  to  800°  C,  followed  by  furnace  cooling,  gives  a  Brinell 
hardness  of  376  on  the  particular  composition  investigated,  the 
microstructure  being  troosto-sorbitic.  The  critical  point  on  cooling 
was  at  350°  C. 

As  the  temperature  of  heating  was  increased,  the  critical  point  was 
first  lowered,  but  with  the  maximum  temperature  of  heating  at 
1,100°  C,  it  had  regained  its  former  position  at  approximately 
355°  C.  At  all  the  higher  temperatures  employed,  the  critical  point 
was  not  well  defined,  but  apparently  occurred  in  the  vicinity  of 
350°  C. 

The  structure  in  all  cases  of  heating  above  800°  C,  was  martensitic, 
except  the  one  heated  to  1,360°  C,  whose  structure  was  rather  ill- 
defined  on  account  of .  the  excessive  overheating.  Furthermore, 
there  can  be  noted  a  gradual  increase  in  the  amount  and  size  of  the 
martensitic  needles  as  the  maximum  temperature  of  heating  in- 
creases, all  other  conditions  remaining  constant. 

The  Brinell  hardness  reached  a  maximum  at  1,000°  C,  and  then  fell 
off  slightlv  as  the  temperature  of  heating  was  increased.  The 
critical  point  on  heating  was  at  740°  C. 


EXPERIMENTAL. 

The  investigation  consisted  in  chemical  analysis,  microscopic 
examination,  and  the  detervnination  of  the  Brinell  hardness  number 
on  specimens  heated  to  different  temperatures  and  cooled  in  the 
furnace.  Cooling  conditions  were  kept  constant  throughout.  Cool- 
ing curves  were  taken  from  each  of  tne  temperatures  employed  and 
a  heating  curve  was  also  taken  to  determine  tne  location  of  the  points 
on  heating. 

Chemical  Analysis. 

Complete  analysis  of  a  sample  drilled  from  the  material  under 
investigation  gave  the  following  results: 


c. 

Mn. 

Si. 

S. 

P. 

Ni. 

Cr. 

Per  cent. 
1.67 

Per  cent. 
0.37 

Per  cent. 
0.24 

Per  cent. 
0  226 

Per  ant. 
0.067 

Per  cent. 
0  029 

Per  cent. 
3.70 
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Cooling  Curves. 

Small  pieces  were  used  for  the  determination  of  the  critical  points, 
and  after  carefully  arranging  the  thermocouples  each  piece  was  placed 
in  a  platinum  resistance  furnace  in  which  the  heating  was  carried  out. 
Next  to  the  piece  used  for  the  critical  point  determination  was  placed 
a  piece  of  tne  same  material  about  seven-eighths  inch  cube.  This 
specimen  was  used  for  microscopic  examination  in  Brinell  tests. 

The  temperatures  from  which  curves  were  taken  were  800,  900, 
1,000,  1,100,  1,200,  1,300,  and  1,360°  C.  The  curves  obtained  are 
shown  at  the  conclusion  of  this  report. 

The  transformation  occurs  at  350°  C.  when  cooled  from  800°  C,  at 
310  when  cooled  from  900°  C,  at  285  when  cooled  from  1,000°  C,  but 
ascends  tox355  when  cooled  from  1,100°  C.  The  specimens  cooled 
from  1,200°  C.  or  above  do  not  have  a  sharply  defined  critical  point. 

A  heating  curve  was  also*  taken,  which  is  shown  at  the  conclusion 
of  this  report.  The  transformation  point  on  heating  is  at  740°  C. 
A  wide  hysteresis  gap  is  thus  shown  to  exist  in  this  composition  which 
accounts  for  the  ease  with  which  this  material  is  hardened  or  assumes 
hardness  even  under  very  slow  cooling  conditions. 

The  irregularities  in  the  cooling  curves  at  low  temperatures  could 
not  be  obviated,  and  it  was  conclusively  proved  that  a  portion  of  this 
difficulty  was  due  to  minute  evolutions  of  heat  in  the  platinum 
couples. 

Microscopical  Examination  and  Brinell  Hardness  Tests. 

The  pieces  which  were  heated  along  with  the  cooling  curve  specimen 
were  cut  in  two,  and  one-half  prepared  for  microscopic  examination. 
The  other  half  was  used  for  the  Brinell  tests.  In  botn  cases  the  inner 
surface  was  examined.  Photomicrographs  were  taken  at  50  diameters 
and  500  diameters  for  each  of  the  pieces  and  are  shown  in  the  following 
pages,  together  with  the  Brinell  nardness  for  each  piece. 

A  very  interesting  relationship  exists  between  the  Brinell  hardness 
and  the  temperature  of  heating  up  to  and  including  a  temperature 
of  1,000°  C.  This  relationship  can  be  traced  to  the  position  of  the 
critical  point  and  the  curve  shown  on  page  168-10  illustrates  the 
relation  oetween  Brinell  hardness  and  position  of  critical  point  on 
cooling. 

Table  I,  below,  gives  the  Brinell  number  obtained  by  cooling  from 
the  different  temperatures. 

Table  I. 


Cooled  from— 

Brinell  No 

800*  d 

376 
445 
461 
430 
430 
3X9 

VUJ   \. ......  .  ... 

1,000°C 

1,100°C 

1,200*  C 

1,300°  0 

The  hardness  of  the  metal  before  being  heated  varied  from  223 
229. 
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INVESTIGATION   OF   CHROME-NICKEL   STEEL. 


OBJECT. 


The  object  of  this  experiment  was  to  determine  the  hardness  of  a 
certain  chrome-nickel  steel  after  being  given  various  heat  treatments. 


CONCLUSIONS. 


No  general  conclusions  should  be  drawn  from  the  data,  as  it  is  only 
a  partial  report  of  work  now  in  progress. 


MATERIAL. 


The  material  experimented  upon  was  a  chrome-nickel  steel  of  the 
following  composition.  The  material  received  in  the  laboratory  was 
taken  from  heat  303-9  and  had  previously  been  annealed  3  hours  at 
1,020°  C,  followed  by  air  chilling,  subsequent  to  which  it  had  been 
annealed  at  765°  C.  for  20  hours.  The  above  temperatures  are  furnace 
temperatures  as  distinct  from  piece  temperatures. 


! 

i      c. 

NI. 

Cr. 

Percent, 
2.17 

Percent. 
\       0.56 

Percent. 
2.10 

The  other  elements  were  satisfactory. 

EXPERIMENTAL. 

The  experimental  work  consisted  in  Brinell  hardness  determina- 
tions on  the  material  as  received  and  after  the  different  treatments 
were  applied. 

Heating  and  cooling  curves  were  taken  to  ascertain  the  location  of 
the  critical  points  and  these  served  as  a  guide  to  the  rest  of  the  work. 
They  are  shown  at  the  conclusion  of  this  report. 

Tne  large  pieces  received  were  cut  unto  cubes  approximately  1J 
inches  on  a  side.  Each  cube  was  then  numbered  and  the  Brinell 
hardness  determined.  They  were  .then  ready  for  further  heat  treat- 
ment. 

The  Brinell  hardness  numbers  on  specimens  Nos.  1  to  8,  inclusive, 

are  shown  in  Table  1. 

Table  1. 


170 


1 

Specimen 

Brinell 

No. 

hardness. 

1       1 

229 

2 

229 

3        1 

235 

'4 

217 

5        i 

229 

6        i 

223 

7    ; 

223 

8       1 

223 
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They  were  then  heated  to  1,050  in  the  electric  furnace,  held  one 
hour,  and  cooled  as  follows.     The  table  is  self-explanatory. 


Table  2. 


No. 


Treatment. 


1 
2 
3 
4 
5 
6 
7 
8 


Air  chilled  from  1,050 
Air  chilled  from  960.. 
Air  chilled  from  850. . 
Air  chilled  from  750.. 
Air  chilled  from  650. . 
Air  chilled  from  550.. 
Air  chilled  from  500.. 
Air  chilled  from  400. . 


Brinell 
hardness. 


478 
478 
470 
461 
416 
269 
262 
269 


The  time  of  heating  was  1 J  hours. 

The  time  of  cooling  to  950°  C.  was  15  minutes. 

The  time  of  cooling  to  850°  C.  was  12  minutes  more. 

The  time  of  cooling  to  750°  C.  was  18  minutes  more. 

The  time  of  cooling  to  650°  C.  was  22  minutes  more. 

The  time  of  cooling  to  550°  C.  was  28  minutes  more. 

The  time  of  cooling  to  500°  C.  was  15  minutes  more. 

The  time  of  cooling  to  400°  C.  was  30  minutes  more. 

The  following  curve  (curve  No.  1)  is  plotted  from  the  results  re- 
corded in  Table  2. 

After  air  chilling  and  obtaining  the  hardness  given  in  Table  2,  sam- 
ples 1  to  5,  inclusive,  were  to  be  heated  to  725,  held  4  hours,  and 
cooled  in  air  from  different  temperatures.  Through  a  mistake  they 
were  overheated  and  so  all  of  tnem  were  taken  to  900°  C,  held  10 
minutes,  and  all  were  air  chilled.  The  Brinell  hardness  was  then  as 
shown  below  in  Table  3. 

Table  3. 


Specimen  Brinell  hard- 
No.  ness. 


1 
2 
3 
4 
5 


515 
515 
496 
445 
445 


These  five  specimens  were  then  heated  to_725°  C,  held  four  hours, 
and  cooled  as  follows.  The  Brinell  hardness  is  given  to  the  right  of 
the  treatment. 

Table  4. 


No. 

™m.„,.                                                   ££?», 

N     1 

2 
3 
4 
5 

Cooled  in  furnace  to  600°  C;  air  chilled  from  600 

229 

Cooled  in  furnace  to  500*  C;  air  chilled  from  500 

mmv 

229 

Cooled  in  furnace  to  400°  C;  air  chilled  from  400 

222 

Cooled  in  furnace  to  300*  C:  air  chilled  from  300 k 

228 
221 

Cooled  in  furnace  to  room  temperature 

172 


RESEARCH. 


During  the  holding  four  hours  at  725°  C.  the  temperature  went  to 
740°  C.  for  a  few  minutes,  but  was  soon  reduced  to  725  again. 

It  will  be  seen  that  the  rate  of  cooling  from  below  600°  C.  after 
drawing  at  725°  C.  has  very  little  effect  on  the  hardness. 

The  results  given  in  Table  4  are  plotted  in  curve  No.  2,  and  this 
curve  shows  at  a  glance  the  validity  of  the  above  statement. 

In  order  to  study  further  the  softening  of  hardened  pieces,  three 
specimens,  Nos.  6,  7,  and  8,  used  previously,  were  heated  to  975°  C. 
and  air  chilled  to  impart  considerable  hardness.  The  results  are 
shown  below  in  Table  5. 

Table  5. 


Specimen 
No. 

Brinell  hard- 
ness. 

6 
7 
8 

591 
578 
568 

These  three  were  then  heated  to  725°  C.  for  eight  hours  and  slowly 
cooled  in  furnace.    The  hardness  then  was: 


Specimen 
No. 

Brinell  hard- 
ness. 

6 

7 
8 

230 
220 
229 

Six  more  specimens  were  cut  from  the  original  stock  and  numbered 
9,  10,  11,  12,  13,  14.     Brinell  tests  were  taken  with  the  results  below : 

Table  6. 


* 

Specimen 

Brinell  hard- 

No. 

ness. 

9 

235 

10 

241 

11 

241 

12 

238 

13 

231 

14 

229 

These  samples,  9  to  14,  inclusive,  were  then  heated  to  765°  C,  held 
two  hours,  and  cooled  as  shown  below  in  Table  7.  The  Brinell  hard- 
ness is  given  to  the  right  of  the  treatment. 


Table  7. 


No. 

Treatment. 

Brinell 
hardness. 

9 
10 
11 
12 
13 
14 

Air  chilled  from  765*  C 

352 

Air  chilled  from  700*  C 

341 
223 
215 
217 
217 

Air  chilled  from  600°  C 

Air  chilled  from  500*  C 

Air  chilled  from  380*  C 

Cooled  in  furnace  to  room  temperature 
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This  was  done  in  the  same  nichrome  wound  electric  furnace  as  the 
previous  work  and  the  rate  of  cooling  of  the  furnace  was; 

Time  to  cool  from  765°  C.  to  700°  C,  25  minutes. 
Time  to  cool  from  765°  C.  to  600°  C,  55  minutes. 
Time  to  cool  from  765°  C.  to  500°  C,  95  minutes. 
Time  to  cool  from  765°  C.  to  380°  C,  150  minutes.  - 

The  data  of  Table  7  are  plotted  in  the  form  of  a  curve.  See  curve 
No.  3. 

Three  specimens,  Nos.  15,  16,  and  17,  were  heated  to  1,020°  C, 
held  10  mintftes  and  all  air  chilled  from  1,020°  C.  Before  this  treat- 
ment, i.  e.,  as  received,  their  hardness  was  as  shown  below  in  Table  8. 

Table  8. 


Speci- 
men No. 

Brinell 
hardness. 

15 
16 
17 

231 
241 
236 

After  chilling  it  was  as  given  in  Table  9  below. 

Table  9. 


Speci- 
men No. 

Brinell 
hardness. 

15 
16 
17 

626 
636 
611 

No.  15  was  then  heated  to  765°  C,  held  one  hour,  and  cooled  in 
the  furnace,  and  the  hardness  taken. 


Speci- 
men No. 

Brinell 
hardness. 

15 

229 

No.  16  was  then  heated  to  765°  C,  held  four  hours,  and  cooled  in 
the  furnace,  and  the  hardness  taken. 


Speci- 
men No. 

Brinell 
hardness. 

16 

217 

No.  17  was  then  heated  to  765°  C,  held  eight  hours,  and  cooled 
in  the  furnace,  and  the  hardness  taken. 


Speci- 
men No. 

Brinell 
hardness. 

17 

216 

174 
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»  Three  pieces  of  the  original  stock,  Nos.  18,  19,  and  20,  whose  hard- 
ness is  given  below,  Table  10,  were  given  the  following  treatment. 


Table  10. 


|     Speri- 
1  men  No. 

i 

Brlnell 
hardness,    i 

i 

1  18 
19 
20 

t 

223 
238 
238 

Heated  to  800°  C,  held  two  hours  at  800°  C,  slowly  cooled  to 
600°  C,  slowly  heated  up  to  740,  held  two  hours  at  740°  C,  and 
slowly  cooled  in  the  furnace.  The  hardness  after  this  treatment  is 
shown  below,  Table  11. 

Table  11. 


Speci-  BrineU 

men  No.  i    hardness. 


18 
19 
20 


207 
211 
212 


Three  specimens,  Nos.  21,  22,  and  23,  whose  hardness  before  treat- 
ment was- 229,  230,  and  233,  respectively,  were  heated  to  1,020°  C. 
for  10  minutes  and  air  chilled.  Their  hardness  was  then  as  given 
below. 


Speci- 
men No. 


BrineU 
hardness. 


21 
22 
23 


556 
564 
564 


They  were  then  heated  to  775°  C,  held  two  hours  at  that  temper- 
ature, cooled  to  600°  C,  reheated  to  740°  C,  and  held  two  hours, 
followed  by  furnace  cooling.  No.  21  was  removed  and  cooled  in  air 
from  600°  C.  No.  22  was  removed  and  cooled  in  air  from  410°  C, 
while  No.  23  cooled  in  the  furnace  to  room  temperature. 

A  study  of  the  heating  and  cooling  curves  will  make  apparent  the 
object  of  this  treatment,  which  was  to  soak  two  hours  just  above 
the  range,  cool  below  it,  and  soak  just  under  the  range,  followed  by 
cooling  in  furnace  or  air. 

The  hardness  after  this  treatment  is  given  below. 


Speci- 
men No. 

BrineU 
hardness. 

21 
22 
23 

W7 
209 
210 

It  will  be  seen  that  the  hardness  is  independent  of  the  rate  of 
cooling  from  600°  C,  or  below.  Also  this  double  treatment  of  soak- 
ing above  the  range,  followed  immediately  by  soaking  below,  imparts 
a  less  degree  of  hardness  than  any  other  treatment  employed. 
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SUPPLEMENTARY  INVESTIGATION  OF  CHBOfeE-VICKEL 

STEEL. 


OBJECT. 

The  object  of  this  investigation  was  to  obtain  additional  data  relat- 
ing to  the  behavior  of  certain  chrome-nickel  steels  with  varied  heat 
treatments.  The  Brinell  hardness  was  the  only  physical  property 
determined,  and  it  was  desired  to  find  the  treatment  giving  the  least 
degree  of  hardness  to  the  steel. 

■  > 

CONCLUSIONS. 

As  stated  in  a  previous  experiment,  no  attempt  should  be  made  at 
this  time  to  draw  any  definite  conclusions.  The  data  obtained  is 
herein  tabulated,  with  the  assumption  that  it  may  be  of  some  value. 

EXPERIMENTAL. 

The  experimental  work  consisted  in  determining  the  critical  points 
on  heating  and  cooling  and  the  determination  of  the  Brinell  hardness 
after  varied  heat  treatments. 

Chemical  analysis  was  made  to  determine  the  three  principal  ele- 
ments, viz,  carbon,  chromium,  and  nickel.  The  following  percentages 
were  found: 

Per  cent. 

Carbon , 0.74 

Nickel ' 2. 80 

Chromium 2. 37 

The  metal  experimented  with  was  obtained  from  stock.  Pieces 
were  cut  out  approximately  l^-inch  cube  and  the  Brinell  hardness 
determined  before  any  laboratory  treatment  was  applied. 

The  first  treatment  involved  the  use  of  12  specimens,  numbered 
from  1  to  12,  respectively.  The  Brinell  hardness  befor£  treatment  is 
shown  below: 

Table  1. 


Specimen 

Brinell 

No. 

hardness. 

1 

212 

i         2 

217 

1          3 

212 

4 

217 

5 

212 

1          6 

212 

7 

217 

8 

217 

9 

217 

1         10 

217 

ll 

217 

1         12 

217 

178 
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These  specimens  were  then  heated  to  1,050°  C.  in  a  gas-fired  fur- 
nace, 50  minutes  being  required  to  attain  that  temperature.  They 
were  held  1  hour  at  1,050,  after  which  the  fire  was  reduced  and.  the 
temperature  allowed  to  fall  slowly,  specimens  being  removed  from 
time  to  time  and  air  chilled  at  the  temperatures  shown  in  Table  2,  of 
which  the  Brinell  hardness,  after  treatment,  is  given  to  the  right. 

Table  2. 


ffpftfllBlftll 

No. 


1 
2 

3 
4 

5 

0 

0 

7 

8 

10 

11 

12 


1,060°  C.,  1  hour. 


Air  cooled  from— 

1,060- C 

1,000#C 

wrc 

900*C 

850°  C 

800*  C 

760*  C 

«0#C 

eoo#c 

500°C 

Cooled  In  furnace  to  room  temperature 
do 


Brinell 
hardness. 


578 
566 
550 

578 
556 
550 

001 
578 
321 
311* 
311 
302 


The  following  curve,  No.  1,  is  plotted  from  the  above  data,  the 
Brinell  hardness  being  plotted  as  a  function  of  the  temperature  of  air 
chilling.  It  will  be  seen  from  the  curve  that  a  fairly  uniform  hardness 
of  approximately  580  Brinell  is  obtained  from  air  chillingat  or  above 
650  C.,  below  which  the  hardness  suddenly  decreases.  This  is  to  be 
expected,  since  the  critical  point  on  cooling  is  at  650°  C.  The  tem- 
perature readings  on  this  treatment  were  taken  by  means  of  a  plati- 
num thermocouple  and  checked  by  an  optical  pyrometer.  The  latter 
readings  were  taken  on  the  pieces. 

The  time  to  cool  from  1,050°  C.  to  500°  C.  was  two  hours.  The  next 
treatment  was  applied  to  six  specimens,  Nos.  13  to  18,  inclusive.  The 
Brinell  hardness  on  samples  Nos.  13  to  18,  inclusive,  before  any  treat- 
ment is  shown  in  Table  3. 

Table  3. 


Specimen 
No. 

Diameter. 

Brinell 
hardness. 

13 
14 
15 
10 
17 
18 

410 
410 
410 
415 
415 
410 

217 
217 
217 
212 
212 
217 
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Those  pieces  were  heated  in  the  electric  muffle  furnace  to  765°  C, 
held  one  nour,  when  the  specimens  were  cooled  as  shown  in  the  table 
below  (Table  4),  which  gives  the  Brinell  hardness  to  the  right  of  the 
treatment. 

Table  4. 


Specimen 
No. 


765°  C.,1  hour. 


13 
14 
15 
16 
17 
18 


Air  cooled  from— 

765°  C 

7WC 

600°  C 

500°  C 

Furnace  cooled  to  room  temperature 
do 


Brinell 
hardness. 


241 
235 
212 
212 
812 
212 


The  results  of  Table  4  are ^plotted  in  curve  No.  2.  It  will  be  noticed 
that  air  cooling  from  600°  C.  and  500°  C.  in  this  case  gave  the  same 
hardness  as  furnace  cooling.  It  took  2  hours  and  12  minutes  for  the 
furnace  to  cool  from  765°  C.  to  500°  C. 

Three  specimens,  Nos.  19,  20,  and  21,  were  heated  to  1,000°  C, 
held  one-half  hour,  and  air  chilled.  Their  hardness  then  was  about 
580  Brinell.  They  were  heated  to  800°  C,  held  two  hours,  and  fur- 
nace cooled.  No.  19  was  removed  and  cooled  in  air  from  315°  C. 
The  other  two  cooled  in  the  furnace.     The  Brinell  hardness  was  then: 


Specimen 
No. 

Brinell 
hardness. 

19 
20 
21 

241 
262 
255 

The  next  experiment  was  carried  out  on  specimens  numbered  1,  2, 
3,  4,  5,  9,  and  6,  which  were  very  hard  (see  Table  2).  They  were  all 
heated  to  700°  C,  held  four  hours,  and  cooled  as  shown  in  Table  5, 
the  Brinell  hardness  being  shown  to  the  right  of  the  treatment. 


Table  5. 


Specimen 
No. 

700°  C,  4  hours. 

Brinell 
hardness. 

1 
2 
3 

4 
5 
9 
6 

Cooled  in  air  from— 

700*  C 

255 
248 
241 
241 
241 
241 
241 

600°  C 

500°  C 

400°  C 

300°  C , 

200°  C 

fooled  In  furnace  to  room  temperature     , .  .  . 

Curve  No.  3  was  plotted  from  the  above  data  and  shows  that  while 
air  chilling  from  700  to  600  gives  a  hardness  of  255  and  248,  respec- 
tively, there  is  no  change  from  there  on  to  atmospheric  temperature, 
since  a  uniform  hardness  of  241  was  produced  by  air  cooling  from  500 
and  below.  The  time  to  heat  to  700°  C.  was  3  hours  and  50  minutes. 
The  platinum  couple  was  inserted  in  a  piece  of  the  same  material  as 
that  under  treatment,  so  as  to  be  sure  of  measuring  the  temperature 
of  the  piece  as  opposed  to  the  furnace  temperatures. 
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Another  treatment  which  was  applied  was  to  harden  four  specinr  ens 
by  heating  to  1 ,000°  C  and  air  chilling.  They  were  then  drawn  one, 
four,  and  eight  hours  at  735°  C.  The  Brinell  hardness  was  deter- 
mined after  the  air  chilling  and  found  to  be  between  550  and  600. 
The  hardness  after  drawing  for  the  different  periods  as  stated  above 
is  given  in  Table  6,  below,  together  with  the  condition  of  cooling. 


. 

Table  6. 

• 

• 

Specimen 
No. 

Drawn  1  hour  at  735"  C. 

Brinell 
hardness. 

5 
6 

7 
8 

Cooled  in  air  from— 

600°  C 

274 

260 
256 
263 

400*  C 

300*  C 

Cooled  in  furnace  to  room  temperature 

Specimen 
No. 

Drawn  4  hours  at  735°  C. 

Bnnell 
hardness. 

1 
2 
3 

4 

Cooled  in  air  from— 

600°  C 

252 
258 
252 
260 

400°  C 

300*  C 

Cooled  in  furnace  to  room  temperature 

Specimen 
No. 

Drawn  8  hours  at  736°  C. 

Brinell 
hardness. 

13 
14 
15 
16 

Cooled  in  air  from— 

580°  C 

241 
241 
241 
255 

325-  C 

Cooled  in  furnace  room  to  temperature .". 

do * * 

The  hardness. decreases  slightly  with  increase  in  time  ol  drawing. 
The  hardness  of  255  on  No.  16  see  ns  peculiar,  so  both  No.  15  and 
No.  16  were  examined  microscopically  and  their  structure  shown  at 
the  conclusion  of  this  report. 

In  order  to  find  out  if  greater  softness  could  not  be  produced 
on  hardened  specimens,  four  were  hardened  by  air  chilling  from 
1,000°  C,  as  before.  They  were  then  heated  to  775°  C,  i.  e.,  about 
20°  above  the  critical  point  on  heating,  held  there  two  hours,  and 
allowed  to  cool  to  600°  C.,  or  from  40°  to  50°  below  the  critical  point 
on  cooling,  whence  they  were  reheated  to  735°  C,  i.  e.,  just  under  the 
critical  range  on  heating,  and  soaked  two  hours.  They  were  then 
cooled  as  shown  in  Table  7  below,  the  Brinell  hardness  being  given  to 
the  right  of  the  corresponding  treatment. 

Table  7. 


Specimen 
No. 


0 

10 

11 
12 


Air  cooled  from— 
600°C , 


735*  C,  2  hours. 


Bnnell 
hardness. 


400°  C 

Furnace  cooled  to  room  temperature . 
do 


217 
212 
212 
212 
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This  treatment  gave  the  most  promising  results  for  consistent 
softening  yet  produced,  as  can  be  ascertained  f^om  the  Brinell  hard- 
ness obtained.  It  was  decided  to  follow  out  this  general  plan  on 
some  more  pieces,  this  time,  however,  to  use  a  higher  maximum 
temperature  of  heating,  by  about  30°  C.,  and  after  cooling  through 
the  range  to  reheat  to  only  705°  C.  for  soaking  under  the  range, 
thus  allowing  a  range  of  some  30°  C.  as  a  factor  of  safety  which  is 
needed  on  large  furnace-control  work.    Thus,  for  ascertaining  the 
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Eracticability  of  the.  method,  specimens  Nos.  3,  6,  7,  17,  and  18  were 
ardened  by  air  chilling  from  1,000°  C.  and  treated  as  follows: 
Heated  to  600°  C.  held  two  hours,  cooled  to  600°  C,  reheated  to 
705°  C.  and  held  three  hours,  and  cooled  as  shown  in  the  following 
table  (Table  8),  the  Brinell  hardness  being  given  to  the  right  of  the 

cooling  conditions : 

Table  8. 


Specimen 
No. 

705*  C,  3  hoars. 

Brinell 
hardness. 

3 

17 

7 

6 

18 

Cooled  In  sir  from— 

500°  C ." 

223 
223 
215 
223 
229 

500*  C 

Cooled  In  furnaoe  to  room  temperature 

do 

do 

Considering  the  high  carbon  content  of  this  steel  together  with  the 
percentages  of  nickel  and  chromium  it  seems  that  this  hardness  is 
to  be  expected.  Again,  since  this  hardness  can  be  obtained  in  a 
small  furnace,  where  the  rate  of  cooling  is  rapid  to  a  50  or  80  ton 
car  bottom  type,  it  is  believed  that  if  this  method  be  carried  out  on 
large  furnaces  a  greater  softness  will  be  obtained  and  that  the  results 
win  not  be  as  inconsistent  as  some  of  those  obtained  in  the  past. 


EXPEEIMEHTAI  WORK  OF  CAST  TUBES  A*D  JACKETS  FOB 

THE   75-MILLIMETER  FIELD  GUff. 

OBJECT. 

The  object  of  this  investigation  was  to  determine  the  feasibility 
of  eliminating  the  forging  operation  in  the  manufacture  of  gun  forg- 
ings  and  also  to  establish  the  feasibility  of  producing  the  component 
parts  of  a  small  gun  by  the  casting  process.  The  direct  object  of 
this  investigation  was  to  produce  a  satisfactory  cast  tube  and  jacket 
for  the  75-millimeter  gun.  model  of  1916. 

This  report  is  confined  to  the  results  obtained  when  chill  molds 
were  employed  and  the  physical  properties  attempted  by  the  use  of 
two  different  compositions,  namely,  a  plain  carbon  steel  and  an 
ordinary  nickel  gun-steel  composition. 

CONCLUSIONS. 

Two  tubes  have  been  successfully  cast,  rough  machined,  and  heat 

treated.    Two  jackets  have  been  cast,  rough  machined,  and  heat 

treated,  but  are  unfit  for  assembly,  due  to  shrinkage  cracks  which 

developed  after  casting.    The  chemical  composition  and  the  physical 

properties  of,  the  two  tubes  which  are  considered  fairly  successful,  are 

given  below. 

Chemical  Analysis. 


Tube  No. 

c. 

Mil. 

SI. 

8. 

P. 

Ni. 

Cr. 

Co. 

167 

Per  cent. 

0.360 

.40 

Percent. 
0.09 
.57 

Percent. 
0.181 
.150 

Percent. 
0.032 
.025 

Percent. 
0.04 
.010 

Percent. 

Percent. 

Percent. 

4-40 

2.96 

a  03 

0.150 

Physical  Tests. 


Tube  No. 


167B-1-T.. 
167B-2-T.. 
167M-1-T. 
167  M-2-T. 
4-40  B-l-T. 
4-40  B-2-T. 
4-40  M-l-T 
4-40M-2-T 


Elastic  limit 
(pounds  per 
square  inch). 

Tensile 

strength 

(pounds  per 

square  Inch). 

Elongation 
(percent). 

Contrac- 
tion 
(percent). 

63,000 

101,000 

17.4 

30.7 

63,000 

101,500 

14.0 

20.5 

63.500 

103,000 

19.5 

46.6 

66,000 

105,000 

16.6 

40.3 

66,000 

97,000 

23.6 

43.3 

65,000 

96,500 

16.5 

27.4 

64,000 

98,000 

25. 5 

51.9 

62,000 

95,500 

27.0 

51.9 

Although  the  two  jackets  were  not  satisfactory,  due  to  small  shrink- 
age cracks,  they  were  rough  machined  and  heat  treated  with  the 

following  results: 

Chemical  Analysis. 


Jacket  No. 

c. 

Mn. 

Si. 

S. 

P. 

Ni. 

Cr. 

Ca. 

173 

Percent. 
0.37 
.40 

Percent. 
0.74 
.79 

Percent. 
0.150 
.165 

Percent. 
0.020 
.030 

Percent. 
0.039 
.039 

Percent. 
2.76 

Percent. 
0.110 

Percent. 
a  123 

176 

• 

184 


RESEARCH. 


185 


Physical  Properties. 


Jacket  No. 


173  B-l-T. 
173B-2-T. 
17SM-1-T 
173  M-&-T 
176  B-l-T 
ITS  B-3-T. 
176M-1-T 
176  M-2-T 


Elastic  limit 
(pounds  per 
square  inch). 


51,000 
66,000 
78,000 
75,000 
64,000 
65,000 
64,000 
67,500 


Tensile 

strength 

(pounds  per 

square  inch). 


91,000 
08,500 
107,000 
106,000 
106,000 
111,000 
110,000 
114,000 


Elongation 
(percent). 


30.0 
36.5 
31.0 
31.5 
30.0 
17.0 
11.0 
11.5 


Contraction 

(percent). 


54.6 
63.3 
46.0 
43.3 
40.3 
34.0 
16.9 
30.6 


EXPERIMENTAL. 

A  decision  was  made  to  use  chill  molds  in  the  first  experiment  for 
the  following  reasons : 

(1)  If  the  experiment  was  successful,  it  was  believed  that  produc- 
tion would  be  greatly  facilitated  by  their  use. 

(2)  The  castings  could  be  kept  cleaner  and  more  free  from  sand 
if  the  chill  mold  was  used. 

(3)  Although  it  was  appreciated  that  some  difficulties  might  be 
experienced  in  casting  small  tubes  and  jackets  in  chill  molds,  due  to 
cracking,  it  was  thought  that  their  use  in  this  experiment  would 
throw  some  light  on  the  feasibility  of  their  use  in  the  production  of 
larger  jackets  and  tubes. 

The  following  prints  show  the  mold  employed  for  both  tube  and 
jacket.  The  molds  illustrated  were  cast  at  this  arsenal.  Photo- 
graph No.  4352  shows  the  method  of  setting  the  molds.  The  chill 
mold  stands  on  a  small  base  plate  containing  the  inlet  for  the  runner, 
the  mold  and  base  plate  then  being  clamped  by  means  of  a  chain  ana 
turnbuckles  to  a  larger  base,  in  which  are  inserted  the  hollow  runner 
brick,  through  which  the  metal  flows  through  a  suitable  runner  sec- 
tion, into  which  the  steel  is  poured  from  the  ladle. 

Photographs  Nos.  4330,  4350,  and  4351  will  give  some  idea  of  the 
various  details  entering  into  the  set-up.  Photograph  No.  4329  illus- 
trates the  sand  ring  which  was  employed.  It  was  the  original  inten- 
tion to  use  a  brick  hat,  but  this  could  not  be  secured  in  sufficient  time. 

The  first  heat' cast  was  C-167,  and  the  melting  record  is  given  in 
this  report.  The  ladle  was  not  held  after  tapping,  and  five  18-inch 
square  ingots  were  poured  before  the  jacket  and  tube.  The  jacket 
casting  was  poured  first,  and,  unfortunately,  the  mold  and  sand  ring 
were  both  cold.  The  pouring  of  the  jacket  was  begun  at  10:45:20 
p.  m.  and  finished  at  10:46:30  p.  m.,  making  a  total  elapsed  time  of 
1:10  (1  minute  10  seconds). 

The  pouring  of  the  tube  was  begun  at  10:47:00  and  finished  at 
10:48:45,  making  a  total  elapsed  time  of  1  minute  45  seconds.  Great 
care  was  exercised  in  the  pouring  of  both  the  jacket  and  tube,  so  that 
the  condition  of  "  breaking  cream"  could  be  observed  throughout,  and 
the  speed  of  pouring  regulated  accordingly. 

Both  the  jacket  and  tube  were  stripped  37  hours  and  45  minutes 
after  pouring,  the  castings  being  still  warm  and  at  an  estimated  tem- 
perature of  250°  C.  Surface  examination  showed  the  tube  to  be  in 
very  good  condition,  as  no  cracks  had  developed,  and  the  surface 
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was  apparently  excellent.  The  jacket,  however,  was  badly  cracked 
longitudinally  along  the  center  line  of  the  slides  and  down  the  back. 
It  was  decided,  however,  to  rough  machine  the  jacket  and  see  if  these 
defects  could  be  cleaned  out. 

The  heat  treatment  of  the  jacket  and  tube  made  on  heat  C-167  was 
as  follows: 

The  castings  were  placed  in  q,  car  bottom  annealing  furnace  and 
heated  slowly  to  1,025°  C,  being  held  at  this  temperature  four  hours 
and  then  air  chilled  by  pulling  the  car  from  the  furnace.  After  the 
castings  were  black  the  car  was  returned  to  the  furnace  and  heated 
to  690  C,  this  temperature  being  maintained  for  eight  hours,  fol- 
lowed by  slow  cooling  in  the  furnace.  After  annealing  a  30  per  cent 
discard  was  made  from  the  top  and  4  per  cent  discard  from  the  not  torn. 

The  castings  were  then  rough  machined.  No  difficulty  was  encoun- 
tered in  machining  the  outside  surface,  but  some  little  trouble  was 
encountered  in  rough  boring,  as  the  center  was  hard  in  spots,  and  it 
is  believed  that  some  of  this  trouble  was  due  to  the  fact  tnat  the  first 
annealing  operation  was  not  proper.  After  annealing  and  rough 
machining  the  jacket  was  found  to  have  developed  very  aeep  centered 
cracks  and  was  rejected  with  no  further  work.  The  tube,  however, 
was  satisfactory  and  was  given  the  following  treatment. 

First  Treatment. 

Heated  to  975°  C,  held  4  hours,  and  quenched  in  cold  water  for  2\ 
minutes. 

Drawn  at  550°  C,  held  for  eight  hours,  and  cooled  in  the  furnace. 

All  the  above  treatments  were  carried  out  in  a  28-foot  vertical  oil- 
fired  furnace.  It  required  seven  hours  to  get  up  to  temperature  on 
the  quench  and  five  hours  on  the  draw.  The  physical  tests  obtained 
were  as  follows: 


Marks. 


B-l-T 
B-2-T 
M-l-T 
M-2-T 


Elastic  limit 

(pounds  per 

square  inch). 


67,000 
57.000 
60,000 
64,000 


Tensile 

strength 

(pounds  per 

square  inch). 


96,500 

96,000 

102,000 

103,000 


Elongation 
(per  cent). 


11.5 
15.0 
19.5 
15.5 


Contraction 
(percent). 


27.4 
94.0 
46.2 
34.0 


The  fractures  showed  the  presence  of  small  slag  particles.  As  the 
above  test  did  not  come  up  to  the  properties  desired,  the  tube  was 
given  a  second  treatment,  as  follows: 

Heated  to  950°  C,  held  4  hours,  and  quenched  in  water  2  minutes. 

Heated  to  900°  C,  held  3  hours,  and  quenched  in  water  2\  minutes. 

Heated  to  535°  C,  held  6  hours,  and  cooled  in  the  furnace. 

The  resulting  physical  properties  are  tabulated  below. 


Marks. 


B-l-T 
B-3-T 
M-l-T 
M-9-T 


Elastic  limit 
(pounds  per 
square  inch). 

Tensile 

strength 

(pounds  per 

square  inch). 

Elongation 
(per  cent). 

Contrac- 
tion 
(percent). 

63.099 
63,000 
63,500 
66,000 

101,000 
101,500 
103,000 
105,000 

17.5 
14.0 
19.6 
16.6 

30.7 
20.5 
46.9 
40.3 
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Second  Heat — C-173. 

The  second  heat  cast  was  of  the  composition  ordinarily  employed 
in  making  gun  forcings  at  this  arsenal.  The  accompanying  melting 
record  gives  the  data  pertaining  to  this  heat.  As  in  the  previous 
heat,  five  18-inch  square  ingots  were  cast  before  the  tube  and  jacket 
were  cast.  In  an  endeavor  to  obviate  cracking,  both  tube  and 
jacket  were  stripped  as  soon  as  possible  and  transferred  to  a  car 
bottom  annealing  furnace  and  heated  to  850°  C.  and  allowed  to  cool 
to  atmospheric  temperature  with  the  furnace.  One  minute  was 
required  to  pour  the  tube  and  1  minute  and  20  seconds  to  pour  the 
jacket.  The  tube  was  in  the  mold  1  hour  and  20  minutes,  30 
minutes  being  required  to  strip  and  make  the  transfer  to  the  previ- 
ously heated  annealing  furnace.  The  jacket  ingot  stuck  to  the  mold 
and  could  not  be  stripped  on  account  of  an  imperfection  in  the  mold 
wall.  The  mold  and  ingot  were  therefore  placed  in  the  furnace  and 
allowed  to  remain  there  for  12  hours,  at  which  time  they  were  at  a 
temperature  of  approximately  300°  C.  TJpoA  close  examination, 
hair  cracks  appeared  both  in  the  jacket  and  in  the  tube,  both  longi- 
tudinally and  circumferentially.  These  were  chipped  out  before 
annealing.  These  castings  were  given  the  same  annealing  treatment 
as  the  previous  ones,  namely,  an  air  chill  from  1,025°  C.,  followed 
by  drawing  at  690°  C.  After  the  annealing  treatment  deep  cracks 
were  opened  along  the  line  of  the  hair  cracks  which  had  previously 
been  chipped  out.  The  tube  was  immediately  rejected,  but  the 
jacket  was  rough  bored  and  partially  rough  machined  for  the  purpose 
of  experimental  heat  treatment. 

The  following  treatment  was  given  the  jacket  in  a  verical  oil-fired 
furnace: 

Heated  to  970°  C,  held  4  hours,  and  quenched  in  water  3i  minutes. 

Heated  to  975°  C,  held  4  hours,  and  quenched  in  water  3£  minutes. 

Heated  to  950°  C,  held  4  hours,  and  quenched  in  water  3£  minutes. 

Heated  to  900°  C,  held  4  hours,  and  quenched  in  water  3}  minutes. 

Heated  to  645°  C,  held  10  hours,  and  cooled  in  the  furnace. 

The  physical  tests  obtained  were  as  follows: 


Marks. 


173  B-l-T. 
173  B-2-T. 
173  M-l-T 
173  M-2-T 


Elastic  limit 
(pounds  per 
square  inch). 


51,000 
66,000 
78,000 
75,000 


Tensile 

strength 

(pounds  per 

square  inch). 


91,000 

93,500 

107,000 

106,000 


Elongation 
(per  cent). 


29.0 
26.5 
21.0 
21.5 


Contrac- 
tion 
(per  cent). 


54.6 
62.3 
46.0 
43.3 


Third  Heat— C-176. 

« 

This  heat  was  made  of  plain  carbon  steel  in  order  to  replace  the 
first  carbon  steel  jacket  which  was  rejected  on  account  of  shrinkage 
cracks.  The  melting  sheet  is  included  in  this  report.  Due  to  the 
fact  that  the  runner  sections  froze  when  the  jacket  had  been  poured 
to  within  4  inches  of  the  sand  ring,  it  was  necessary  to  top  pour  the 
remainder  of  the  ingot,  which  resulted  in  a  deep  crack  being  formed 
at  this  point.    The  total  time  required  to  pour  the  jacket  was  1 
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minute  and  45  seconds.  To  obviate  cracking,  the  jacket  ingot  was 
buried  in  ashes  in  a  steel  cylinder  of  sufficient  size  so  as  to  allow  1 
foot  of  ashes  on  all  sides.  This  jacket  was  stripped  quite  hot,  being 
left  in  the  mold  exactly  58  minutes.  After  the  ingot  had  cooled 
down  cracks  appeared  as  usual,  and  were  especially  noticeable  along 
the  line  of  the  lap  caused  by  the  necessity  of  top  pouring  a  portion 
of  this  casting. 

Regardless  of  the  cracks  observed,  the  jacket  was  annealed  and 
rough  machined  for  the  purpose  of  experimental  heat  treatment. 
The  heat  treatment  was  the  same  as  tor  jacket  C-173,  with  the 
exception  of  the  drawing  temperature,  which  was  carried  out  at 
530°  C.    The  properties  obtained  are  recorded  below. 


Marks. 


176R-1-T... 
176B-3-T... 
176M-1-T... 
176M-3-T... 


Elastic  limit 
(pounds  per 
square  inch). 


64,000 
65,000 
64,000 
67,500 


Tensile 

strength 

(pounds  per 

square  inch). 


108,000 
111,000 
110,000 
114,000 


Elongation 
(percent). 


30.0 
17.0 
11.0 
11.6 


Contrac- 
tion 
(per  cent). 


40.9 
34.0 
16.9 
90.5 


Fourth  Heat — 4-40. 

A  fourth  heat  was  made  in  the  electric  furnace  to  replace  the 
nickel-steel  tube.  No  attempt  was  made  to  replace  the  jacket,  as 
it  was  apparent  that  it  would  be  necessary  to  redesign  the  mold 
which  had  previously  been  employed.  The  melting  record  of  heat, 
4-40,  is  included  in  this  report.  The  ingot  was  stripped  one  hour 
after  pouring  and  annealed  in  ashes  as  previously  described.  On 
visual  inspection  the  surface  seemed  free  from  cracks,  and  no  imper- 
fections of  any  kind  could  be  found.  It  was  annealed  for  rough 
machining  in  the  usual  manner,  namely,  an  air  chill  from  1,025°  C., 
followed  by  a  draw  at  690°  C.  No  difficulties  were  encountered  in 
this  casting  which  was  made  in  the  electric  furnace,  and  it  has  proven 
in  this  experiment  to  be  superior  to  any  of  the  other  castings  made  in 
regard  to  its  freedom  from  cracks.  Alter  rough  machining  the  tube 
received  the  following  heat  treatment: 

Heated  to  975°  C,  neld  4  hours,  and  quenched  in  water  3£  minutes. 

Heated  to  975°  C,  held  4  hours,  and  quenched  in  water  3  minutes. 

Heated  to  950°  C,  held  4  hours,  and  quenched  in  water  3}  minutes. 

Heated  to  900°  C,  held  4  hours,  and  quenched  in  water  3  minutes. 

Heated  to  645°  C,  held  10  hours,  and  cooled  in  the  furnace. 

The  physical  properties  obtained  are  tabulated  below. 


Marks. 


4-40  B-l-T. 
4-40B-3-T. 
4-40M-1-T 
4-40M-2-T 


• 

Elastic  limit 
(pounds  per 
square  Inch). 

Tensile 

strength 

(pounds  per 

square  inch). 

Elongation 
(per  cent). 

Contrac- 
tion 
(percent). 

65,000 
65,000 
64,000 
63,000 

07,000 
96,500 
96,000 
95,500 

33.5 
16.5 
35.5 
37.0 

43.3 
37.4 
6K9 
61.9 
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In  the  experimental  work  so  far  conducted  the  greatest  difficulty 
encountered  has  been  the  persistent  cracking  of  the  castings  either  in 
the  mold  or  directly  after  stripping.  It  is  believed  that  this  trouble 
is  due  very  largely  to  the  chilling  brought  about  by  the  use  of  a  chill 
mold.  Stripping  and  cooling  in  the  furnace  which  had  previously 
been  heated  did  not  obviate  this  difficulty,  nor  did  burying  in  ashes 
eliminate  it. 

In  the  jacket  castings  the  cracks  always  appeared  along  the  center 
of  the  back  and  the  center  line  of  the  slides.  A  few  circumferential 
cracks  were  observed.  The  tube,  on  the  other  hand,  invariably 
cracked  near  the  lower  end,  where  the  casting  had  the  thinnest  cross 
section  and  the  mold  the  heaviest  cross  section,  the  cooling  at  this 
point,  therefore,  being  very  severe.  Trouble  was  also  encoui^tered 
with  severe  " pulls' '  directly  under  the  sink  head.  * 

In  the  design  of  the  mold  it  will  be  noticed  that  the  sink  head  brick 
fits^closely  in  a  recess  at  the  top  of  the  mold  and  has  no  leeway  to 
settle  as  the  ingot  cools  and  shrinks.  The  ingot  on  cooling  shrank 
away  from  the  sink  head  brick  and  left  the  metaTbelow  the  riser  some- 
what porous.  In  fact  it  can  be  quite  positively  stated  that  very 
little  benefit  was  derived  from  the  use  of  a  hot  top  in  these  particular 
castings. 

There  is  submitted  herewith  a  proposed  design,  consisting,  essen- 
tially, of  a  sand  mold  highly  heated  to  prevent  rapid  cooling  of  the 
metal.    A  heavy  sink  head  is  provided  to  insure  soundness.     It  is 

Eroposed  that  the  molds  be  rammed  up  in  sets  of  four  on  a  four-way 
ottom  plate  for  bottom  pouring.  .  Excessive  tapering  will  not  be 
necessary. 

It  is  proposed  that  the  castings  be  bottom  poured  through  a  central 
runner  of  runner  brick  rammed  up  in  the  sand.  The  central  runner 
feeds  through  four  radial  arms  01  hollow  brick  inserted  in  the  base 
plate  in  suitable  grooves,  which  in  turn  leave  the  metal  to  the  four  ver- 
tical molds.  The  presence  of  four  inclined  runners  will  be  noted  by 
means  of  which  the  hottest  metal  will  be  conducted  to  the  sink  heads 
when  the  metal  has  risen  up  to  this  level  in  the  molds.  The  steel  will 
be  made  in  the  electric  furnace,  refined  at  a  high  temperature,  and 
allowed  to  cool  to  approximately  1,525°  C.  before  tapping,  and  then 

Soured  as  cold  as  possible.  It  will  be  necessary  to  have  the  ladle 
eated  to  a  very  high  temperature  and  use  a  large  nozzle. 
After  the  pouring  the  castings  will  be  allowed  to  remain  in  the  sand 
at  atmospheric  temperature,  and  will  then  be  given  the  preliminary 
anneal  before  rough  machining,  which  was  employed  on  the  chill 
mold  tubes  and  jackets.  It  is  proposed  that  the  treatment  will  be 
three  water  quenches,  the  first  being  from  975°  C,  the  second  froih 
950°  C,  and  the  final  quench  from  900°  C.  After  the  last  quench  the 
castings  will  be  drawn  at  a  suitable  temperature.  As  hear  aa  this 
arsenal  can  ascertain  the  proposed  practice  outlined  herein  agrees  very 
closely  with  the  Swedish  practice,  which  has  produced  very  excellent 
results. 

Work  is  being  inaugurated  along  the  above  lines  under  authority 
granted  by  the  Ordnance  Department, 
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Electric  Furnace  Melting — Watertown  Arsenal 

[Furnace  No.  4.    Heat  No.  40.    Heat  of  week,  16.    Heats  on  roof,  40.    Heats  on  walls,  40. 

bottom,  40.] 


Heats  o° 


Stock 
No. 

Charge  ordered. 

Weight. 

Time. 

Slagging 
materials. 

1 
Weight. 

Time. 

Final  addi- 
tions. 

Weight. 

58 

Common  steel  turnings. 

/  3,500 
\  1,000 

}  12.00 

Lime 

Coke 
Spar      . 
INlckel.... 

200 
70 
80 

127 

4.00 
4.00 

FeMn.. 

a  23 
.17 

1 

Analysis. 

C. 

Mn. 

Si. 

P. 

P.   , 

Ni. 

Cr. 

Cu. 

Required 

Percent. 

0.35-0.40 

.40 

Percent. 

0.50-0.80 

.57 

Percent. 

0.15-0.25 

»150 

Percent. 
0.01 
025 

Per  cent. 
0.04 
.010 

Percent. 

2.50-3.00 

•  2.65 

Percent. 

Perct. 

Obtai 
Check 

ned 

a  03 

a  150 

To  lab. 

Rec'd. 

Preliminary  tests. 

3.10 
4.45 

3.50 
5.20 

0.12 
.40 

0.17 

a  13 

1 

Time. 

Hours. 

Meter 
readings. 

i 

Kilowatt- 
hours. 

12.00 
12.05 
12.15 
3.30 
4.00 
5.25 
5.25 

"Regan  charring ,       

0.50 
.05 
.15 

3.15 
.45 

67,690 

Current  on 

Finished  nharging  r 

Melted 1 

Slagged  off 

Current  off 

Tapped 

1.25 

70,380 

Total 

2,600 

Per  ton  of  metal  charged:  For  heating,  1,104  per  U  tons. 

Electrode  No.  1,  O.  K.    Electrode  No.  2,  O.  K.    Electrode  No.  3,  O.  K. 

Remarks  (delays,  etc.):  30  minutes'  delay  repairing  and  setting  bottom. 

Materials  for  repairs:  100  pounds  magnlte;  70  pounds  magnite. 

Condition  of  ladle,  O.  K. 

Behavior  of  metal  in  molds,  O.  K. 

Condition  of  hearth:  Bad  roof;  arched,  O.  K.;  doors,  O.  K.;  back  wall  bad;  front  wall  fair. 

Excess  metal.  O.  K. 

Solidity,  O.  K. 

Weight  of  slag,  250  pounds. 

Heat  of  metal,  hot. 

Molds:  150  pounds  pig  iron  for  recarburizing. 
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EXAMINATION  OF  EXCESS  METAL  FEOM  ACCEPTED  GUN 

FOBonros. 

OBJECT. 

In  a  conference  held  at  this  arsenal  on  October  12,  1917,  the  fol- 
lowing tentative  program  covering  tests  on  gun  forgings  was  pre- 
pared. It  was  arranged  that  excess  metal  from  gun  forgings  of 
accepted  properties  now  being  manufactured  would  be  forwarded  to 
this  arsenal  for  test.  It  was  also  understood  that  a  complete  history 
of  each  piece  would  accompany  the  forging  in  question.  The  follow- 
ing tentative  program  was  agreed  upon: 

TENTATIVE  PROGRAM. 

The  following  specimens  shall  be  so  taken  that  their  axes  will  be 
in  planes  perpendicular  to  the  major  axis  of  the  forging  and  also  with 
their  axes  perpendicular  to  the  radii  which  passed  through  the  mid- 
dle points  of  the  length  of  the  bars.  The  axes  of  all  specimens  are 
to  be  in  the  same  place,  or,  in  other  words,  all  the  specimens  are  to 
be  equally  spaced  with  respect  to  the  outside  and  inside  circumfer- 
ence of  the  tube.     The  following  specimens  are  to  be  tested: 

A.  (1)  Standard  0.505-inch  tangential  tensile  specimens.  (2)  Two 
standard  Charpy  tensile  bars  without  notch,  bars  taken  tangentially. 
(3)  Two  standard  tensile  Charpy  bars  with  notches,  bars  taken  tan- 
gentially. (4)  Four  standard  transverse  Charpy  bars  taken  tangen- 
tially. (5)  One  bending  test  as  per  French  specifications.  (6)  One 
bending  test  as  per  English  specifications. 

To  enable  the  taking  of  the  above  specimens,  the  length  of  tube 
which  will  be  necessary  is  8^-inch  minimum.  A  9-inch  length  would 
be  preferable.  From  this  tube  a  slab  can  be  planed  out,  and  from 
this  slab  the  specimens  enumerated  above  can  be  taken  in  the  man- 
ner previously  described. 

B.  All  of  "A"  to  be  repeated  with  specimens  taken  in  a  longitudi- 
nal direction. 

C.  All  of  "A"  to  be  repeated  with  tangential  specimens,  but  from 
a  slab  located  180°  distance  from  "A." 

On  small  tubes  it  may  be  necessary  to  omit  this  series,  but  it  is 
believed  that  for  purposes  of  checking,  duplicate  test  should  be  taken 
if  possible. 

D.  Both  chemical  and  microscopical  tests  will  be  made  on  all  metal 
examined  as  above. 

MATERIAL. 

A  number  of  pieces  of  excess  metal,  sufficient  for  the  taking  of  all 
the  tests  enumerated  above,  have  been  received  at  this  arsenal. 
Due  to  the  large  amount  of  machine  work  involved,  none  of  these 
specimens  have  been  completely  tested.  Six  small  rings  received 
from  the  manufacturer,  without  their  previous  history,  have  been 
tested.  The  amount  of  metal  available  in  these  specimens  was  not 
sufficient  to  enable  the  carrying  out  of  the  program  outlined  above. 
For  that  reason  tensile  and  Charpy  bars  onlv  were  taken.  The  draw- 
ing on  page  200  will  show  the  location  of  the  several  bars  both  tan- 
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gential  and  longitudinal.  As  the  question  of  the  difference  in  prop- 
erties between  the  outer,  middle,  and  inner  bars  is  often  brought  up, 
the  six  rings  in  question  were  tested  with  the  object  of  ascertaining 
if  any  great  difference  in  physical  properties  existed  between  the 
center  and  the  outside  of  these  pieces.  Longitudinal  and  transverse 
bars  were  taken  in  several  cases. 
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CONCLUSIONS. 

It  is  the  intention  to  tabulate  the  results  under  the  various^tests 
after  a  large  number  of  pieces  have  been  tested.  The  results  herein 
presented  show  very  little  difference  in  physical  properties  between 
the  inside,  middle,  and  outer  test  bars.  The  Charpy  results  in  most 
cases  are  fair,  although  they  do  not  exceed,. and  in  many  cases  do  not 
equal  the  Charpy  value  obtained  from  a  number  of  3.8-gun  forgings 
manufactured  at  this  arsenal. 
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The  elastic  limits  were  carefully  determined  with  the  use  of  an 
extensometer;  and  the  small  Charpy  machine  was  used  in  determining 
the  Charpy  value  reported. 

Tensile  tetts. 


Marks. 

Elastic  limit 
(pounds  per 
square  inch). 

Tensile 

strength 

(pounds  per 

square  inch). 

Elongation 
(percent). 

Contrac- 
tion 
(percent). 

U24ABL-I 

69,000 

00,500 

26.5 

50.8 

U24ABL-M 

00,000 

00,500 

26.6 

60.8 

U24ABL-0 

60.500 

100,500 

26.5 

59.8 

U38ABT-I 

71,500 

104,000 

21.0 

49.1 

U3&ABT-M 

68,000 

102,500 

22.5 

40.3 

U38ABT-0 

67,000 

102,500 

10.5 

40.3 

U25AMLr-I 

70,000 

103,000 

23.5 

54.6 

U25AML-M 

67,000 

102,500 

25.0 

67.2 

T725AML-0 

73,500 

104,000 

25.0 

67.2 

U7ABT-I 

67,000 

00,000 

24.0 

49.1 

U7ABT-M 

67,000 

00,000 

23.5 

49.1 

U7ABT-0 

67,000 

00,500 

24.0 

49.1 

U20AMT-I 

72,000 

106,500 

21.0 

46.2 

U20AMT-M 

60,000 

104,000 

21.0 

40.3 

T720AMT-O 

70,500 

104,500 

10.5 

40.3 

U20ABT-I 

68,500 

101,000 

21.5 

51.9 

U20ABT-M 

66,000 

100,000 

20.0 

40.3 

U20ABT-O 

67,000 

100,000 

24.5 

49.1 

Charpy  tetU. 


Dimensions. 

Charpy  test  results. 

Average 
values 
(foot- 
pounds 

Test  piece 
marks. 

Site  of  specimen 
(millimeters). 

Width 

Thick- 
ness 
from 

Sectional 

area 

(square 

inch). 

Excess 

Foot- 
pounds 

Foot- 
pounds 

(inch). 

bottom 

angle. 

ab- 

per 

square 

inch. 

square 

of  slot 
(inch). 

sorbed. 

inch). 

U7ABT 

10  bv  10  by  55... 

a  396 

0.196 

a  0776 

143.1 

11.66 

150 

U7ABT 

.396 

.197 

.0780 

142.9 

11.90 

152 

155 

U7ABT 

•  •  ■  •  •VIV  •■•*••■••• 

.396 

.197 

.0780 

141.9 

13.10 

167 

U7ABT 

•  ■  •  •  •VAv»  ••**••••• 

.396 

.197 

.0780 

142.8 

12.02 

154 

TJ7ABL 

do 

.396 

.197 

.0780 

138.0 

18.07 

231 

U7ABL» 

•  a  m  a  «Uw ••••**■••• 

.396 

.197 

.0780 

148.6 

5.48 

70 

225 

U7ABL 

do 

.396 

.197 

.0780 

138.0 

18.07 

231 

U7ABL. 

*  a   •   •   iUv •■•••••*•* 

.396 

.197 

.0780 

139.1 

16.63 

213 

U24ABT 

do 

.396 

.197 

.0780 

141.5 

13.59 

174 

U24ABT 

•  •  •  •  •  UU  ••«•*•■••■ 

.396 

.198 

.0776 

141.9 

13.10 

170 

174 

U24ABT 

do 

.396 

.196 

.0776 

141.0 

14.21 

183 

U24ABT 

do 

.398 

.196 

.0776 

141.8 

13.22 

172 

U24ABL 

•  •  •  •  'UU  ••••■>••■•* 

.396 

.197 

.0780 

138.0 

18.07 

231 

U24ABL 

do 

.396 

.0780 

139.9 

15.60 

200 

217 

U24ABL 

.....do 

.396 

.197 

.0780 

137.9 

18.20 

233 

U24ABL 

do 

.396 

.197 

.0780 

139.5 

16.11 

206 

U25AMT 

a  a  a  a  «Uw  •••••■«•*■ 

.396 

.197 

.0780 

143.9 

MX  72 

137 

U25AMT 

do 

.396 

.196 

.0776 

144.9 

9.55 

123 

138 

U25AMT 

do 

.397 

.197 

.     .0782 

143.0 

11.78 

150 

U25AMT 

•  •  ■  •  ■  "v  ••••••••*• 

.396 

.197 

.0780 

143.4 

11.30 

144 

U25AML 

a    m    m    m    •UV«     •••••■>••• 

.396 

.197 

.0780 

140.3 

15.09 

193 

U25AML 

a   a  «   a   «UV|   ••••■■•■• 

.397 

.197 

.0782 

141.3 

13.83 

176 

184 

U25AML 

a  •  •  a   a\MJ«   ••••••*•• 

.396 

.197 

.0780 

14a  8 

14.45 

185 

U25AML 

do 

.396 

.197 

.0780 

14a  9 

14.33 

183 

U38ABT 

a   a  a   a   •  UU  •■•!••■#•• 

.397 

.196 

.0778 

143.4 

11.30 

145 

U38ABT 

a   ■   a   a  a  \Ja  w  •    m    a   •    a   a  «.  a  a   • 

.396 

.196 

.0776 

144.2 

ia36 

133 

124 

U38ABT 

a   •  *  m  •  U"  a>a>««aaa««a 

.397 

.196 

•0778 

146.0 

8.30 

106 

U38ABT 

do 

.396 

.196 

.0776 

145.5 

8.87 

114 

U38ABL 

do 

.396 

.198 

.0776 

141.1 

14.08 

181 

U38ABL 

...... do 

.396 

.198 

.0776 

141.8 

13.22 

170 

178 

U38ABL 

a  a  *  a   avl"  ■••*««aa*a 

.396 

.197 

.0780 

141.1 

14.08 

180 

U38ABL 

m  »  m  m  •  Vft"  a»a«aaawa.a 

.396 

.197 

.0780 

140.9 

14.38 

183 

U30AMT 

do 

.396 

.197 

.0780 

144.7 

9.78 

124 

U90AMT 

«    a   a   a   a\Aw  aaaa    ••■«•■• 

.397 

.197 

.0782 

144.9 

9.55 

122 

131 

U20AMT 

do 

.396 

.197 

.0780 

143.8 

10.83 

138 

U20AMT 

a   •  a   a   m%A\m  *a«aaaaaaa 

.396 

.197 

.0780 

143.7 

ia95 

140 

U20AML 

a   a  a  a   •  **«  W  a    a    a    a    a   a   a   a   a   a 

.396 

.197 

.0780 

14a  0 

15.47 

198 

U20AML..:.. 

•   a   a  •  (UU*    *a»«aaaaa 

.397 

.198 

.0778 

138.5 

17.41 

223 

204 

U20AML..... 

a   a  a   a   •UU  m    •   ••■a»aaa 

.397 

.197 

.0782 

14a  3 

15.09 

192 

i  Not  included  in  mean. 


OF  155-MILLIMETER  TUBE. 

OBJECT. 

The  object  of  this  investigation  was  to  determine  the  nature  and 
source  of  "flakes,"  which  had  been  observed  in  a  155-millimeter  tube 
received  at  this  arsenal.  It  was  also  requested  that  this  arsenal  make 
shock  tests  on  this  material. 

MATERIAL. 

r 

The  material  examined  consisted  of  a  section  from  a  155-millimeter 
tube  approximately  4  J  inches  long.  The  analysis  of  the  material  as 
reported  was : 

Percent. 

Carbon 0.  39 

Manganese 58 

Silicon 

Phosphorus Oil 

Sulphur 019 

Nickel 3.04 

Chromium 20 

The  reported  heat  treatment  was  as  follows:  Annealed  eight  hours 
at  1,500°  F.,  or  816°  C,  and  slowly  cooled;  quenched  in  water  at 
1,450°  F.,  or  788°  C,  and  drawn  at  1,130°  F.,  or  610°  C. 

CONCLUSIONS. 

It  is  not  believed  that  the  term  " flaky' '  is  a  proper  description  of 
the  condition  of  this  material.  The  so-called  "flakes"  were  fractures 
which  had  their  origin  at  some  time  previous  to  the  fracture  of  the 
tensile  specimen.  There  is  certain  evidence  which  would  indicate 
that  these  small  fractures  described  as  "flakes"  occurred,  partially  at 
least,  soon  after  the  elastic  limit  of  the  specimen  was  obtained.  It 
is  certain  that  some  of  these  small  fractures  existed  in  the  specimen 
before  it  was  placed  in  the  machine.  The  low  tensile  strength,  elon- 
gation, and  contraction  obtained  on  this  material  is  due  to  the  exist- 
ence of  these  small  local  fractures.  It  is  not  the  opinion  of  the 
laboratory  that  these  fractures  are  entirely  due  to  improperly  melted 
or  refined  metal.  It  is  quite  possible  that  they  are  brought  about  by 
improper  handling  of  the  material  at  some  stage  during  its  treatment. 

Other  remarks  concerning  the  probable  origin  of  these  "flakes"  are 
withheld  pending  the  results  of  certain  investigations  now  in  prog- 
ress. The  attempt  is  being  made  to  reproduce  this  condition  in 
metal  which  is  now  considered  satisfactory  and  which  has  passed  the 
reouired  physical  tests. 

The. results  of  the  Charpy  tests  should  be  noted.  Very  good 
Charpy  values  were  obtained,  a  general  average  of  276  footr-pounds 
resulting  from  the  testing  of  16  specimens.     It  should  be  noted 
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that  the  "flaky"  condition  does  not  in  any  way  affect  the  Charpy 
value,  as  in  none  of  the  specimens  reported  was  the  "flake"  directly 
under  the  notch.  Therefore  its  effect  upon  the  results  was  not 
noticeable.  Any  attempt  to  procure  Charpy  specimens  so  that  the 
"flake"  was  located  in  the  critical  section  of  the  Charpy  bar  has  so 
far  been  impossible. 

The  statement  has  been  made  in  a  previous  portion  of  the  conclu- 
sions of  this  report  that  it  was  not  believed  that  the  "flakes"  observed 
were  entirely  aue  to  Improperly  melted  or  refined  metal.  In  support 
of  this  statement  it  should  be  noted  that  the  "flaky"  condition  of 
this  particular  tube  is  associated  with  an  exceptionally  good  Charpy 
test.  An  exceptionally  good  Charpy  test  is  not  generally  associated 
with  improperly  melted  or  improperly  refined  metal. 

EXPERIMENTAL. 

The  sketch  on  the  following  page  shows  the  location  of  both  the 
tensile  and  Charpy  specimens  taken  from  a  section  of  the  155-milli- 
meter tube.  The  results  obtained  on  the  various  specimens  are  shown 
in  the  following  pages. 

Tensile  tests. 


Marks. 

Yield 

point 

(pounds 

per  sauare 

Inch). 

Tensile 

strength 

(pounds 

per  sauare 

inch). 

Elonga- 
tion 
(per  cent). 

Contrac- 
tion of 
area 
(per  cent). 

Brinell 
hardness. 

155 
155 
155 
155 

69,000 
64,000 
60,000 
58,000 

93,500 
84,500 
80,000 
73,500 

7.5 
5.5 
5.0 
5.0 

24.0 
20.5 
13.3 
13.3 

207 
207 
207 
207 

Charpy  tests. 


Test 

piece 

marks. 

I  imensions. 

Sectional 

area 
(square 
Inch). 

Charpy  test  results. 

Average 
value 
(foot- 
pounds 

per 
square 
inch). 

Size  of  specimen 
(millimeters). 

Width 
(inch). 

Thick- 
ness from 
bottom 
of  slot 
(inch). 

Excess 
angle. 

Foot- 
pounds 

ab- 
sorbed. 

Foot- 
pounds 

per 
square 

inch. 

155T. 
155T. 
155T. 
155T. 
156T. 
155T. 
156T. 
155T. 
155T. 
155T. 
155T. 
155T. 
155T. 
155T. 
155T. 
155T. 

10  by  10  by 

a  •  a  a  aUw  •    •    ■    •    • 

do 

do 

•  •  • •  »UU • • •  •  * 

do 

.....do 

do 

do 

•  •   a   •  tUU  a    a    •   •    a 

•  a   a  •  a  UO  a    •    •    •    a 

•  •  •  a  a  UU  •   •   •   •   • 

do 

•  •  •  ■  iUU  •  •  •  •  ■ 
■  •  •  •  ■  UU  •  •  •  •  • 

•  *  •  v  •  UU  •  •  •  •  • 

55.... 

a  •   a  a   a   ■ 
■   •«•■« 

•  ■•••« 
a>   a  a  a  *  * 
*•»*«« 

•  a   ■  •  a  « 

•  a  a   a  a   ■ 

•  •*•■< 

•  a    a   a   a   « 

0.396 
.396 
.397 
.396 
.397 
.396 
.397 
.397 
.397 
.396 
.397 
.396 
.397 
.397 
.397 
.397 

0.197 
.197 
.197 
.197 
.196 
.196 
.197 
.197 
.198 
.196 
.197 
.196 
.196 
.197 
.197 
.197 

0.0780 
.0780 
.0782 
.0780 
.0778 
.0776 
.0782 
.0782 
.0786 
.0776 
.0782 
.0776 
.0778 
.0782 
.0782 
.0782 

135.0 
134.5 
135.9 
136.1 
134.9 
137.1 
136.2 
135.5 
136.0 
138.1 
1314 
136.0 
135.1 
135.0 
135.5 
136.3 

22.16 
22.86 
20.91 
20.64 
22.30 
19.28 
20.50 
21.47 
20.77 
17.94 
23.00 
20.77 
22.02 
22.16 
21.47 
20.36 

284 
293 
267 
264 
282 
248 
261 
274 
264 
231 
294 
267 
283 
283 
274 
260 

276 

204 


RESEARCH. 


EXAMDTATIOV  OF  155-MILLIMETEB  SPINDLE  FOBGITOS. 


MATERIAL. 


Two  spindle  forcings  were  received  at  this  arsenal  with  the  following 
history  and  record  of  test: 

Forging  Stamped  S54E  and  B134. 

The  forging  was  made  by  upsetting  the  head .    The  following  is  the  record  of  analysis 

and  test: 

Heat  No.  S  x  009. 

Per  cent. 

Carbon : 0.43 

Nickel 3.08 

Manganese 65 

Sulphur 015 

Phosphorus 012 

Tensile  strength 112, 000  pounds  per  square  inch. 

Elastic  limit. . . 80. 000  pounds  per  square  inch. 

Elongation 22  per  cent. 

Reduction  area 61)  per  cent. 

Fracture One-halt  cup. 

The  test  indicated  a  rather  high  elastic  limit  in  proportion  to  the  tensile  strength 
for  nickel  steel. 

The  convex  surface  of  held  is  smooth  forged,  balance  of  the  forging  rough  turned, 
and  the  shipping  weight  32  pounds. 

The  second  forging  was  received,  marked  B422.  Although  the 
following  history  does  not  give  this  number,  it  is  believed  that  it 
refers  to  the  forging  in  question.  The  history  of  the  forging  was  as 
follows: 

Analysis. 


Carbon. 

Manga- 
nese. 

Silicon. 

Sulphur. 

Phos- 
phorus. 

Nickel. 

Chro- 
mium. 

Percent. 
0.43 

Percent. 
0.65 

Percent. 

Percent. 
0.015 

Percent, 
0.012 

Percent. 
3.08 

Percent. 
0.11 

It  was  forged  from  electric  steel  and  was  heat  treated  as  follows: 

Annealing: 

Temperature  of  furnace  at  start  70°  F. 

Up  to  heat  (1,500°)  in  6  hours. 

Held  at  heat  8  hours. 

Cooled  slowly  in  the  furnace. 
Quenching: 

Temperature  of  furnace  at  start,  200°  F. 

Up  to  heat  (1,475°  F.)  in  4  hours. 

Held  at  heat  1  hour.- 

Quenched  in  water  for  2  minutes  and  then  taken  out. 
Drawing: 

Temperature  of  furnace  at  start,  400°  F. 

Up  to  heat  (1,175°  F.)  in  4  houra. 

Held  at  heat  5  hours. 

Cooled  in  furnace. 
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The  physical  properties  resulting  from  this  treatment  on  a  longitu- 
dinal test  piece  taken  from  the  stem  were  as  follows: 

Elastic  limit,  68,000  pounds  per  square  inch. 
Maximum  strength,  101,650  pounds  per  square  inch. 
Per  cent  of  elongation  £2  inches),  26. 
Per  cent  of  reduction  of  area,  63.5. 
Fracture,  three-fourths  cup. 

EXPERIMENTAL. 

Charpy  and  tensile  tests  were  taken  from  these  two  forgings,  as 
indicated  on  the  following  drawing. 

Referring  first  to  forging  B134,  it  will  be  noted  that  both  tensile  and 
Charpy  tests  were  taken  from  two  planes  in  the  head.  Longitudinal 
tests  from  the  stem  were  also  taken. 

In  forging  B422  longitudinal  tests  were  taken  from  the  stem  and 
specimens  in  the  head  at  a  45°  angle  from  the  longitudinal  specimens. 
Microscopical  and  chemical  examination  of  these  forgings  will  be 
covered  in  a  separate  report. 

conclusions. 

Referring  first  to  forging  B 134,  it  appears  that  the  ductility  of  the 
tensile  specimens  in  plane  B-Bi  is  superior  to  the  ductility  in  tensile 
specimens  in  plane  A-At. 

Referring  to  the  Charpy  tests,  it  will  be  noted  that  a  higher  Charpy 
figure  was  obtained  for  the  tests  taken  in  plane  B-Bt  than  for  those 
taken  in  plane  A-At.  Very  little  difference  is  to  be  observed  in  the 
elastic  limit  and  tensile  strength  determinations  in  the  two  planes 
above  referred  to.  The  longitudinal  specimen  from  the  stem  of  forg- 
ing B134  gave  very  much  better  ductility  than  either  of  the  specimens 
in  planes  A-Aj  or  B-Bj.  It  is  likewise  to  be  noted  that  the  Charpy 
values  obtained  from  the  specimens  taken  in  a  longitudinal  direction 
from  the  stem  were  higher  than  either  the  Charpy  values  obtained  in 
planes  A-At  or  B-Bx. 

Referring  to  forging  B422,  specimen  No.  8,  taken  from  the  stem, 
gives  very  high  figures  for  both  the  elongation  and  contraction. 
Specimen  No.  9,  taken  at  an  angle  of  45°  from  specimen  No.  8,  also 

Sves  very  good  figures  for  the  elongation  and  contraction.  Specimen 
o.  10,  which  falls  near  the  center  of  the  head,  gives  slightly  inferior 
fijgures,  and  specimen  No.  11,  which  corresponds  in  direction  and  posi- 
tion to  specimen  No.  2  in  forging  B134,  gives  slightly  inferior  ductility 
figures  from  those  for  specimen  No.  10. 

Concerning  the  Charpy  figures  obtained  on  forging  B422,  it  is  again 
evident  that  the  specimens  taken  in  a  longitudinal  direction  in  the 
stem  gave  higher  figures  than  those  taken  in  the  head.  Although  the 
Charpy  results  obtained  on  the  specimens  taken  at  an  angle  of  45°  from 
the  longitudinal  specimens  are  lower,  the  results  are  very  consistent. 
This  is  not  the  case,  however,  with  the  specimens  taken  from  the  head 
in  a  plane  corresponding  to  A-Ai  in  forging  B134.  The  average 
values  are  approximately  the  same,  but  the  maximum  and  minimum 
depart  very  much  more  widely  from  the  mean.  Although  the  Charpy 
values  obtained  from  specimens  taken  in  the  several  directions  of 
this  forging  might  be  considered  very  divergent,  it  should  be  borne  in 
mind  that  very  few  comparisons  of  this  nature  have  been  made,  and 
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in  general  the  difference  in  Charpy  value  obtained  on  longitudinal 
and  transverse  specimens  differs  more  widely  than  the  results  recorded 
herein.  To  summarize  briefly,  the  results  recorded  herein  indicate  a 
very  good  degree  of  equality  of  physical  properties  in  all  directions. 
It  should  be  notecl  in  the  conclusions  of  this  report  that  the  values 
of  the  elastic  limit  obtained  at  this  arsenal  do  not  agree  with  those 
given  in  the  history  of  these  forgings.  An  elastic  limit  of  80,000 
pounds  is  reported  for  forging  B134,  whereas  the  highest  value  ob- 
tained at  this  arsenal  was  76,500  pounds.  The  reported  elastic  limit 
on  the  other  forging  examined,  B422,  was  68,000  pounds,  whereas  the 
highest  value  obtained  at  this  arsenal  was  58,000  pounds. 


Charpy  test. 


Dimensions. 

Charpy  test  results. 

Test  piece 
marks. 

Site  of  specimen 
(millimeters). 

Sectional 

area 

(square 

inch). 

Average 
values 
(foot- 
pounds 
per 

Width 

Thick- 
ness 
from 

Excess 

Foot- 
pounds 

Foot- 
pounds 

(inch). 

bottom 

angle. 

ab- 

per 

square 

of  slot 
(inch). 

sorbed. 

square 
inch. 

inch). 

8-B-422 

10  by  10  by  55... 

0.396 

0.197 

0.0780 

128.0 

32.62 

418 

8-B-422 

do 

.396 

.197 

.0780 

130.0 

29.52 

378 

422 

8-B-422 

•  *  ■   m  •  \m  U  •   •  •   •    •••••• 

.397 

.197 

.0782 

126.0 

35.80 

457 

8-B-422 

m  m  •  •  •  UU  •••■■■•■•• 

.396 

.197 

.0780 

127.1 

34.04 

436 

10-B-422 

•   ■   •   *  «\J^Ja    •    •    •••■«•• 

.396 

.197 

.078a 

134.0 

£i.  OO 

302 

10-B-422 

•   a   •   •  a  wa^f  *    ■•••■•••• 

.397 

.197 

.0782 

134.0 

23.58 

301 

300 

10-B-422 

do 

.396 

.197 

.0780 

134.5 

22.86 

293 

10-B-422 

■   •    •    a   aUU  aaaaaaaaaa 

.396 

.197 

.0780 

133.9 

23.73 

305 

ll-B-422 

do 

.396 

.197 

.0780 

131.1 

27.85 

357 

ll-B-422 

■  •   •   a  a  U  W  ••••»••••• 

.396 

.197 

.0780 

136.0 

20.77 

266 

303 

ll-B-422 

do 

.395 

.197 

.0778 

132.8 

25.32 

325 

ll-B-422 

•  • •  ■  aUw*  ••■••■••« 

.396 

.196 

.0776 

136.0 

20.77 

267 

l-B-134 

do 

.396 

.197 

.0780 

135.4 

21.60 

276 

253 

l-B-134 1 

do 

.396 

.197 

.0780 

138.1 

17.94 

230 

3-B-134 

a  a  a  a  a  U>U  •••■•••••• 

.397 

.197 

.0782 

136.9 

19.69 

251 

-     232 

3-B-134 

•  a  •  a  *Uv •••••••••• 

.396 

.197 

.0780 

139.0 

16.76 

214 

4-B-134 

•    ■   a   a  a^A^/*    ■*■■•**■« 

.397 

.197 

.0782 

133.5 

24.30 

312 

}     306 

4-B-134 

do 

.397 

.197 

.0782 

134.0 

23.58 

301 

6-B-134 

•  •  •  ■  «UU  ••••■•««•■ 

.397 

.197 

.0782 

135.4 

21.60 

276 

}     271 

6-B-134 

*  •  ■  •  aUwa  *  •  ■  ■■•••• 

.396 

.197 

.0780 

135.9 

20.90 

267 

7-B-134 

■    •    •    *   *Uw*    a    •    ■    >    p    •    a    a    a 

.396 

.197 

.0780 

127.8 

32.94 

422 

7-B-134 

do 

.397 

.197 

.0782 

128.0 

32.62 

417 

411 

7-B-134 

^   *    a   a   a  ^»^r  ■    aaaa»]«««a 

.397 

.197 

.0782 

128.4 

32.00 

409 

7-B-134 

do 

.396 

.197 

.0780 

129.1 

30.90 

396 

Tensile  test. 


Marks. 


Elastic  limit 
(pounds  per 
square  inch). 


l-B-134 ■  76,500 

2-B-134 '  69,500 

3-B-134 '  76,500 

4-B-134 1  73,000 

5-B-134 '  68,500 

6-B-134 73,000 

7-B-134 70,500 

8-B-422 58,000 

9-B-422 54,000 

10-B-422 : 55,000 

ll-B-422 56,000 


Tensile 

strength 

(pounds  per 

square  inch). 


108,500 
99,500 

107,000 

104,500 
99,500 

105,000 
99,500 
94,500 
94,000 
94,000 
93,000 


Elongation 
(percent). 

Contrac- 
tion of  area 
(percent). 

19.0 

34.0 

17.6 

37.2 

18.5 

30.7 

20.0 

46.2 

22.0 

46.2 

20.5 

43.3 

27.0 

64.7 

27.0 

64.7 

27.5 

62.3 

28.5 

59.8 

25.0 

51.9 

Brinell 
hardness. 


202 
197 
197 
217 
197 
229 
197 
183 
179 
183 
202 


*ffifsj&0©irtp. 
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IWESTIOATIOV    OF    MATERIAL    FBOM    75-MILIIMETEE    GUN 

TUBES. 

objectt. 

The  object  of  this  investigation  was  to  determine  if  there  was  any 
difference  in  the  physical  properties  between  specimens  taken  from 
the  outside,  middle,  and  inner  sections  of  75-millimeter  gun  tubes 
which  have  successfully  passed  the  physical  tests  and  inspection. 


EXPERIMENTAL. 

Due  to  the  small  diameter  of  the  tubes,  it  was  impossible  to  pro- 
cure tangential  specimens  which  would  represent  the  physical  prop- 
erties along  the  outer  circumference.  Sketch  No.  1  shows  the  loca- 
tion of  test  specimens  in  the  four  tubes  which  had  the  specimens 
taken  tangentiaily.  Sketch  No.  2  shows  the  location  of  the  test 
specimens  in  two  tubes  which  had  the  specimens  taken  longitudinally. 
Specimens  were  taken  longitudinally  in  two  of  the  tubes,  as  it  was 
possible  to  secure  metal  in  this  way  which  did  represent  the  physical 
properties  in  the  outer  and  inner  layers. 

The  following  tables  give  the  results  of  the  tests  obtained: 

TUBE  U24A— BREECH— LONGITUDINAL  SPECIMENS. 

[Sketch  No.  2.] 


Outside. 

Middle. 

Inner. 

Remarks. 

68,000 

100,500 

26.5 

59.8 

68,000 

99,500 

26.5 

59.8 

69,000 

26.5 
59.8 

Within  limits  of  testing. 

TUBE  U38A— BREECH— TANGENTIAL  SPECIMENS. 

[Sketch  No.  1.] 


Elastic  limit lbs.  per  sq.  in. . 

Tensilestrength do 

Elongation per  cent . . 

Contraction do 


67,000 

67,000 

71,000 

102,500 

102,500 

104,000 

19.5 

22.5 

21.0 

40.3 

40.3 

49.1 

Inner  higher. 


TUBE  U25A— MUZZLE— LONGITUDINAL  SPECIMENS. 

[Sketch  No.  2.] 


Elastic  limit lbs.  per  so.  in. 

Tensile  strength do. . . 

Elongation per  cent. 

Contraction do... 


73,000 

67,000 

i 
69,000 

104.000 

102.500 

103.000 

25.0 

25.0 

23.5 

57.2 

57.2 

54.6 

Higher  outside. 
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TUBE  U7A— BREECH-TANOENTIAL  SPECIMENS. 

[Sketch  No.  1.] 


Elastic  limit lbs.  per  sq .  in . . 

Tensile  strength do 

Elongation per  cent. . 

Contraction do 


66,000 

66,000 

66,000 

99,500 

99,000 

99,000 

24.0 

23.5 

24.0 

49.1 

49.1 

49.1 

Uniform. 


TUBE  U20A— MUZZLE— TANGENTIAL  SPECIMENS. 

[Sketch  No.  1.] 


Elastic  limit lbs.  per  sq.  in. . 

Tensile  strength do 

Elongation per  cent. . 

Contraction do 


70,000 

68,000 

71,000 

104,500 

104,000 

106,500 

19.5 

21.0 

21.0  ' 

40.3 

40.3 

46.2 

TUBE  U20A— BREECH— TANGENTIAL  SPECIMENS. 

[Sketch  No.  1.] 


66,000 

100,000 

24.5 

49.1 

65,000 

100,000 

20.0 

40.3 

67,000 

101,000 

21.5 

51.9 

REMARKS. 


Consistent  variation  in  the  physical  properties  of  any  appreciable 
magnitude  wore  not  observable  between  the  outer,  middle,  and  inner 
specimens.  It  would  seem  that  for  a  tube  of  this  section  one  speci- 
men centrally  located  would  represent  the  average  physical  properties 
with  sufficient  accuracy. 
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BESEABCH. 


jl 

rn 

] 

SKETCH     *2 


nrSTTLATIVG  MATERIAL. 


OBJECT. 


The  object  of  this  experiment  was  to  determine  the  relative  merits 
of  molded  insulating  compounds  used  in  carriage  construction.  This 
test  was  confined  to  the  mechanical  properties  of  these  materials  and 
their  behavior  when  exposed  to  the  action  of  hot  and  cold  water. 
The  attempt  has  been  made  to  duplicate  as  nearly  as  possible  the  tests 
described  in  "Insulating  materials/'  Tests  of  Metals,  etc.,  1917,  so  that 
a  direct  comparison  can  be  made  between  the  various  materials 
studied. 

MATERIAL. 

The  material  examined  consisted  of  samples  of  material  made  by 
a  manufacturer.  Six  different  grades  were  examined.  They  were 
marked  throughout  this  report  as  follows:  R42,  R43,  R12,  R57,  R58, 
and  R14.    Another  compound,  known  as  "62B,"  was  also  examined. 


CONCLUSIONS. 

The  following  tables  abstract  the  data  obtained  and  show  as  far  as 
possible  the  relative  rank  of  each  test  and  the  material  examined.  A 
complete  comparison  between  the  samples  reported  herein  and  those 
reported  in  Tests  of  Metals,  etc.,  1917,  can  only  be  made  in  the  case 
of  compound  "62B."  The  samples  of  other  material  were  submitted 
in  a  form  which  would  not  permit  of  the  taking  of  the  proper  number 
of  transverse  test  specimens. 

Table  1. — Relative  ranking  of  material  in  absorption  tests. 


Rank. 

Absorption  with  raw  edges. 

Absorption  with  minimum  raw  edge. 

Cold. 

Hot. 

Cold. 

Hot. 

1 
2 
3 
4 

5 
6 

7 

62B 

Percent. 
0.05 

82B 

Percent. 
0.49 

82B 

R42 

R43 

R12 

R57 

R58 

R14 

Percent. 

0.11 

.40 

.64 

.03 

.87 

1.36 

2.29 

62B 

R68 

R42 

R43 

R57 

R14. 

R12 

Percent. 
028 
2.54 
3.52 
3.74 
4.42 
8.68 
15.28 

• 

• 

• 

From  the  above  table  it  is  evident  that  62B  absorbed  less  moisture 
when  immersed  in  either  hot  or  cold  water  than  any  of  the  other 
samples.  Furthermore,  it  absorbed  less  moisture  than  any  of  the 
materials  reported  in  Tests  of  Metals,  etc.,  1917. 
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Table  2. — Brinell  hardness. 


Rank. 

As  received. 

After  soaking  in  cold  water. 

After  soaking  in  hot  water. 

1 

R42. 

R57. 

R43. 

R12. 

R58.. 

R14.. 

48.6 
43.0 
41.5 

Crushed. 

Crushed. 

Crushed. 
18.0 

R43 

36.2 
35.6 
15.2 
12.1 

Crushed. 

Crushed. 
17.5 

i 

R43 1           24.8 

R42 !           23.2 

2 

R42 

3 

R57 

R57 

Crushed. 

4 

R74 

R12 

Crushed. 

Crushed. 

Crushed. 

17.1 

5 

R58 

R58 

6 

R14 

R14 

62B 

Samples  R42  and  R43,  gave  results  which  are  very  comparable  to 
those  obtained  upon  samples  "B"  and  "C,"  reported  in  Tests  of 
Metals,  etc.,  1917.  Compound  "62B"  was  the  softest  material  ex- 
amined, and  under  the  Brinell  test  it  gave  no  indications  of  cracking. 

Transverse  tests  were  obtained  on  compound  "62B"  onlv.  It 
should  be  noted  that  the  transverse  test  of  this  material  under  all 
conditions  was  much  higher  than  that  of  any  material  previously 
tested.  Tension  tests  were  obtained  on  other  samples,  and  the  rela- 
tive merits  of  the  various  samples  of  this  material  can  be  found  in 
the  experimental  data. 

Table  3. — Transverse  tests. 


Rank. 

As  received. 

After  soak- 
ing in 
cold  water. 

After  soak- 
ing in 
hot  water. 

"62B" 

15,820 

15,715 

15,621 

EXPERIMENTAL. 

The  outline  followed  in  obtaining  the  data  on  which  the  above  con- 
clusions were  based  in  the  case  of  "62B"  compound  was  as  follows: 

First.  Transverse  te3ts  as  received. 

Second.  Hardness  tests  as  received. 

Third.  Transverse  tests  after  soaking  in  cold  water. 

Fourth.  Hardness  tests  after  soaking  in  cold  water. 

Fifth.  Transverse  tests  after  soaking  in  hot  water. 

Sixth.  Hardness  tests  after  soaking  in  hot  water. 

Seventh.  Determination  of  water  absorbed  after  soaking  in  hot  and 
cold  water. 

The  absorption  tests  were  conducted  as  outlined  in  Tests  of  Metals, 
etc.,  1917.  In  the  case  of  the  R  samples  transverse  tests  could  not 
be  taken,  as  the  material  was  submitted  in  the  form  of  small  briquets 
having  the  general  shape  of  the  standard  cement  briquet  with  the 
exception  that  the  thicKness  was  reduced  to  one-half  inch  instead  of 
1  inch.  Six  lots  of  R  compound  were  submitted  and  m&rked  as  stock 
R12,  R14,  R42,  R43,  R57,  and  R58. 

Only  three  test  pieces  from  each  stock  were  available,  and  therefore 
no  checks  could  be  obtained  upon  the  tensile  tests.  It  should  be 
further  noted  that  with  all  the  R  samples  no  raw  edges  were  ex- 
posed for  absorption,  so  that  the  tests  should  be  compared  with  those 
in  Tests  of  Metals,  1917,  in  which  no  raw  edges  were  exposed. 
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Table  4. — Absorption  tests. 
[Time,  210  hours.    Average  temperature  in  cold  water,  20°  C;  hot  water,  55°  C] 

62B  COLD. 


Marks. 

I 

llmAnsriop* 

5. 

Weight. 

Absorption. 

Length 
(inches). 

Width 
(Inches). 

Thick- 
ness 
(inch). 

Dry 
grams. 

Wet 
grams. 

Increase 
in  weight 
(grams). 

Percent 
of  in- 
crease. 

Mean. 

1 

2.5 
2.5 
2.5 
2.5 
2.5 

2.5 
.505 

4Jtft 

•  TtOO 

.502 
.503 

0.50 
.478 
.488 
.485 
.483 

69.72 
14.04 
13.92 
14.21 
14.09 

69.80 
14.07 
13.91 
14.17 
14.14 

0.08 
.03 
.07 
.04 
.05 

0.11 
.21 
.07 
.28 
.35 

0.05 

2 

3 

4 

1    5 

1 

62B  HOT. 


1 

2.5 
2.5 
2.5 
2.5 
2.5 

2.5 
.505 
.503 
.503 
.500 

0.5 
.483 
.480 
.485 
.485 

09.37 
14.16 
14.11 
14.21 
13.97 

09.57 
14.16 
14.17 
14.27 
14.05 

0.20 
.09 
.06 
.06 
.07 

0.28 
.63 
.42    . 

.50    1 
.50    1 

1 

* 
0.49 

2 

3 

!     4 

■     5 

i 

"R»  COLD. 


Marks. 
R12 

Weight 

before 

soaking 

(grams). 

Weight 

after 
soaking 
(grams). 

Increase  in 

weight 

(grams). 

Per  cent 
absorbed. 

66.38 
44.43 
39.98 
42.07 
45.70 
49.77 

66.80 
45.45 
40.12 
42.30 
46.10 
50.45 

0.42 
1.02 
.16 
.23 
.40 
.68 

0.63 

2.29 

.40 

.54 

.87 
1.36 

R14 

R42 

R43 

R57 

R58 

"R"  HOT. 


R12 

66.53 
44.30 
39.12 
41.88 
44.77 
50.32 

76.70 
48.15 
40.50 
43.45 
46.75 
57.60 

10.17 
3.85 
1.38 
1.57 
1.98 
1.28 

15.28 
8.68 
3.52 
3.74 
4.42 
2.54 

R14 

R42 

R43 

R57 

R58 

Table  5. 


Material. 

Nature  of  specimen. 

Absorp- 
tion 
(mean 
value). 

Average 
temperature. 

62B, 

Transverse  test  specimen  with  raw  edges 

do 

10.05 

.49 

.11 

.18 

.63 

15.28 

2.29 

8.68 

.40 

3.52 

.54 

3.74 

.87 

4.42 

1.36 

2.54 

Cold  water,  20°  C. 
Hot  water,  55°  C. 
Cold  water. 
Hot  water. 
Cold  water. 
Hot  water. 
Cold  water. 
Hot  water. 
Cold  water. 
Hot  water. 
Cold  water. 
Hot  water. 
Cold  water. 
Hot  water. 
Cold  water. 
Hot  water. 

62B 

62B 

Square  plate,  2  raw  edges 

62B 

R12 

No  raw  edges 

R12 

do 

R14 

do 

R14 

do 

R42 

do 

R42 

do 

R43 

do 

R43 

do 

R57 

do 

R57 

.....do 

R58 

do 

R58 

do 

1  This  low  value  is  due  in  part  to  some  of  the  ingredients  soaking  out  of  the  material,  as  the  solution  was 
considerably  colored. 
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Hardness  Tests. 

Hardness  tests  were  obtained  on  the  samples  of  each  material  as 
received  and  after  soaking  in  cold  and  hot  water,  respectively.  A 
pressure  of  500  kilograms  was  used  with  a  10-millimeter  ball.  A 
great  deal  of  trouble  was  experienced  in  obtaining  the  hardness  of 
some  of  the  pieces  of  "R  material."  A  reference  to  the  photographs 
forming  a  portion  of  this  report  will  illustrate  this  difficulty.  Some 
of  the  samples  spalled  under  the  action  of  the  ball  when  pressure 
was  applied,  whereas  others  were  quite  brittle  and  cracked,  making 
it  impossible  to  obtain  a  reading.  No  difficulty  was  experienced  in 
securing  the  Brinell  hardness  on  the  samples  of  62B  after  soaking  in 
either  hot  or  cold  water. 

Table  6. — Hardness  tests. 


Marks. 

Hardness. 

Asreeeived. 

Soaked tn 
cold  water. 

Soaked  in 
hot  water. 

R12 

Crushed. 

Crushed. 
Crushed. 

43 
fiO 

53 

40 
43 
40 
43 

43 
Crushed. 
Crushed. 

17.8 
16.6 
18.6 
19.3 
17.8 

Crushed. 

11.0 
13.3 

31.5 
38.0 

Crushed. 

Crushed. 
Crushed. 

23.8 
25.9 
24.9 

23.8 
25.9 
24.9 

R14:                  -      - 

1 

2 

R42: 

1 

2 

3 

R43: 

1 

34.5 
38.0 

2 

3 

4 

R57: 

1 

13.3 

17.2 

Crushed. 

17.2 
17.2 
17.8 
17.5 
17.8 

Crushed. 
Crushed. 
Crushed. 

17.5 
16.9 
16.6 
17.5 
16.9 

2 

R58 

62B: 

1 

2 

3 

4 

5 

The  following  photographs  are  introduced  at  this  point  to  show  the 
behavior  of  the  various  samples  under  the  Brinell  test.  Photograph 
No.  4143  illustrates  the  appearance  of  62B  compound  after  receiving 
Brinell  impressions.  Sample  No.  1  represents  this  material  as  re- 
ceived. Sample  No.  2  represents  the  material  after  soaking  in  cold 
water,  and  sample  No.  3  represents  the  material  after  soaking  in  hot 
water.  It  is  to  be  noted  that  there  are  no  signs  of  cracking  or  disin- 
tegration under  the  action  of  the  Brinell  ball.  Photograph  No.  4144 
illustrates  the  appearance  of  R42,  R14,  and  R12  stock  after  receiving 
the  Brinell  impression.  The  bottom  row  represents  the  material  as 
received,  the  middle  row  represents  the  material  after  soaking  in  cold 
water,  and  the  top  row  represents  the  material  after  soaking  in  hot 
water. 

Sample  No.  12  is  very  brittle  and  the  material  spalled  off  very 
badly,  making  it  impossible  to  obtain  any  accurate  reading.  Sample 
No.  14  is  also  very  brittle  as  received,  but  this  brittleness  partially 
disappeared  after  the  samples  were  exposed  to  either  cold  or  hot  water. 
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Sample  R42  gave  thoroughly  accurate  Brinell  readings,  and  was  not 
subject  to  brittleness  or  spalling,  as  noted  above  in  the  other  samples. 
Photograph  No.  4142  shows  the  appearance  of  samples  R57,  R58,  and 
R43.  The  arrangement  of  these  samples  is  similar  to  the  photograph 
just  described.  K43  gave  very  good  Brinell  readings,  wnereas  R58 
was  brittle  when  tested  as  received,  and  after  soaking  in  either  hot 
orcold  water  spalled  very  badly  when  tested.  Sample  R57  was  very 
brittle  and  was  also  subject  to  spalling  after  soaking  in  either  hot  or 
cold  water. 

Twelve  specimens  from  the  62B  compound  were  tested  for  trans- 
verse strength,  four  as  received,  four  after  soaking  in  cold  water,  and 
four  after  soaking  in  hot  water.  The  small  Emery  hydraulic  testing 
machine  was  used,  and  the  distance  between  the  supports  was  2  inches. 
The  following  table  give3  the  detailed  results.  The  formula  used  to 
calculate  the  modulus  of  rupture  was  as  follows: 


B  = 


SPL 
2bd* 


Table  7. —  Transverse  tests. 


62B  COMPOUND. 


Marks. 


1.... 
2.... 
3.... 
4.... 
A... 
A!.. 
A2.. 
A3.. 
AA.. 
AA1. 
AA2. 
A  A3. 


Treatment. 


As  received 

do 

do 

do 

8oaked  in  cold  water. 

do 

do 

....do 

Soaked  in  hot  water.. 

do 

do 

....do 


Width 
.  finch). 

Depth 
(ineh). 

.  Trans- 
verse 
strength 
(pounds). 

Modulus  of  rupture. 

Pounds 

per 
square 

Inch. 

Mean 
pounds 

per 
square 

inch. 

0.501 
.504 
.501 
.502 
.503 
.498 
.502 
.502 
.506 
.503 
.502 
.500 

0.485 
.484 
.486 
.483 
.480 
.498 
.487 
.485 
.487 
.484 
.490 
.488 

618 
617 
618 
615 
612 
605 
616 
614 
624 
618 
617 
620 

15,846 
15,820 
15,846 
15,769 
15,965 
15,646 
15,529 
15,610 
15,583 
15,846 
15,425 
15,630 

r 

15,820 

15,715 

1  15,621 

As  previously  stated,  it  was  impossible  to  obtain  transverse  tests 
on  the  samples  of  R  material  and  it  was  therefore  decided  to  test  the 
specimens  as  received,  using  holders  similar  to  those  employed  for  the 
breaking  of  cement  briquets. 
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Table  8. — Longitudinal  tests. 


Marks. 


12.. 

12-1 

12-2 

14.. 

14-1 

14-2 

42.. 

42-1 

42-2 

43.. 

43-1 

43-2, 

57... 

57-1. 

57-2. 

58... 

58-1. 

58-2. 


Dimensions. 


Treatment. 


As  received 
Cold  water . 
Hot  water. 
As  received 
Cold  water. 
Hot  water.. 
As  received 
Cold  water. 
Hot  water.. 
As  received 
Cold  water . 
Hot  water.. 
As  received 
Cold  water. 
Hot  water.. 
As  received 
Cold  water . 
Hot  water.. 


Width 
(inch). 


Thick- 
ness 
(inch). 


0.96 
.98 
Specimen 
.98 
.98 
.98 
.98 
.98 
.98 
.98 
.98 
•  99 
.98 
.98 
.99 
.98 
.99 
.  w 


a  si 

.52 
swollen. 
.51 
.51 
.51 
.  .50 
.50 
.50 
.50 
.50 
.50 
.49 
.50 
.50 
.50 
.50 
.52 


Area 
(square 
inch). 


0.499 
.509 
.609 
.499 
.499 
.499 
.490 
.490 
.490 
.490 
.490 
.495 
.480 
.490 
.495 
.490 
.495 
.514 


Tensile  strength. 


Total 
pounds. 


1.114 

721 

135 

940 

1,310 

805 

770 

1.395 

745 

1,195 

2,005 

1,185 

710 

750 

595 

880 

900 

620 


Founds 
per  square 


2,232 
1,416 
265 
1,883 
2,625 
1,613 
1,530 
2,846 
1,520. 
2,438 
4,091 
2,393 
1,479 
1,530 
1,202 
1,795 
1,838 
1,206 


Relative  order  in  longitudinal  tests. 


As  received. 

Cold  water. 

Hot  water. 

R43 

R43 

R43 

R12 

R42 

R14 

R14 

R14 

R42 

R58 

R58 

R58 

R42 

R57 

R57 

R57 

R12 

R12 

KLECTKICAI  nrSULATIHO  MATERIAL. 

OBJECT. 

The  object  of  this  investigation  was  to  determine  the  properties  of 
this  -material  as  compared  to  the  properties  of  insulating  material 
previously  investigated  and  reported  on  in  Tests  of  Metals,  1917,  and 
1918. 

CONCLUSIONS. 

It  is  the  opinion  of  this  laboratory  that  this  material  has  in  many 
respects  the  least  desirable  Qualities  of  any  yet  examined.  This  is 
shown  conclusively  in  the  following  pages  of  this  report  if  opinion  is 
to  be  formed  from  this  method  of  testing.  Although  the  transverse 
tests  indicate  a  strong  material  in  the  condition  as  received,  the 
strength  falls  off  greatly  upon  soaking.  The  material  has  a  very  high 
absorption  value  and  its  increase  in  volume  due  to  absorption  of 
water  is  very  large.  It  would  certainly  appear  that  this  increase  of 
volume  due  to  moisture  absorption  would  make  the  material  very 
undesirable  for  outside  construction. 

MATERIAL. 

The  material  investigated  was  submitted  for  test  by  a  manufac- 
turer. 

EXPERIMENTAL. 

The  experimental  work  involved  absorption  tests  in  both  hot  and 
cold  water,  transverse  tests,  and  Brinell  hardness  tests  of  the  material 
(1)  as  received,  (2)  after  soaking  in  cold  water,  and  (3)  after  soaking 
in  hot  water.  A  photograph  was  taken  which  shows  the  pieces  on 
which  Brinell  hardness  tests  were  taken  and  also  which  snows  the 
ncreased  thickness  produced  by  absorption. 

Absorption. 

Specimens  of  this  material  were  subjected  to  the  action  of  water 
for  a  period  of  210  hours.  One  set  was  kept  at  an  average  temperature 
of  18  C,  while  the  other  was  kept  at  an  average  of  50.5°  C.  The 
specimens  were  cut  to  present  a  surface  exposure  airectly  comparable 
with  that  of  the  specimens  used  in  previous  reports.  Tne  results  are 
given  in  tabular  form. 
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SOAKED  IN  COLD  WATER— AVERAGE  TEMPERATURE,  18#  C. 


No. 


Al. 
A2. 
A3. 
A4. 
A5. 


Length 
(inches). 

Width 
(inches). 

Thick- 
ness 
(Inches). 

Weight 

after 

soaking 

(grams). 

Weight 

before 

soaking 

(grams). 

Difference 
(grams). 

2.5 
2.5 
I        2.48 
2.5 
2.49 

2.5 
.496 
.50 
.498 
.498 

0.5 
.503 
.503 
.504 
.502 

92.0405 
20.4700 
20.5700 
20.5400 
20.3250 

7a  7125 
13.9330 
14.0925 
14. 2910 
14.1395 

21.3280 
6.5370 
6. 4775 
6.2490 
6.1855 

Per  cent 
of  ab- 
sorption. 


30.1 
46.9 
46.0 
43.8 
43.8 


Average  absorption  of  A2,  A3,  A4,  and  A5,  45.1  per  cent. 

SOAKED  IN  HOT  WATER— AVERAGE  TEMPERATURE,  50.5"  C. 


Bl 

B2 

2.5 

2.49 

2.48 

2.5 

2.5 

2.5 
.501 
.496 
.50 
•  499 

0.50 
.502 
.50 
.499 
.503 

96.5100 
20.4600 
20.0450 
20.3720 
20.5470 

72.4440 
14.3435 
13.7080 
14.4680 
14.2455 

24.0660 
6.1165 
6.3370 
5.9040 
6.3015 

33.0 
42.7 
46.2 

4a  8 

44.2 

B3 

B4 

B5 

Average  absorption  of  B2,  B3,  Bl,  and  B5, 43.5  per  cent. 

The  extremely  high  percentage  of  absorption  of  this  material  as 
compared  to  that  found  for  the  materials  reported  on  in  the  previous 
reports  is  to  be  noted,  as  well  as  the  fact  that  temperature  in  so  far 
as  shown  here  seems  to  have  little  effect  on  the  percentage  of  absorp- 
tion. 

The  pieces  soaked  in  cold  water  have  a  slightly  higher  average 
percentage  of  absorption  than  those  soaked  in  hot  water. 

Brinell  Hardness. 

An  attempt  was  made  to  determine  the  Brinell  hardness  on  this 
material  in  the  same  manner  as  was  done  in  the  previous  investiga- 
tions already  referred  to.  The  attempt  was  successful  with  the 
piece  as  received,  but  with  those  that  had  been  soaked  the  ball  sank 
in  out  of  sight  before  the  load  of  500  kilograms  (which  was  used  as 
previously)  could  be  applied.  No  readings  could  therefore, be  taken. 
The  following  table  gives  the  Brinell  hardness  values  .which  were 
obtained.  The  pieces  were  photographed  to  show  as* well  as  possible 
the  manner  in  which  the  material  behaved  under  the  Brinell  tests, 
as  wrell  as  their  increase  in  thickness  due  to  absorption  of  water. 

Brinell  hardness  values. 


Material 

No. 

as 

received. 

1 

21.5 

2 

22.3 

3 

21.8 

4 

21.8 

5 

22.3 

Material  soaked  in  cold  water. 


No  reading,  too  soft. 

do 

do 

do 

do 


Material  soaked  in  hot 
water. 


No  reading,  too  soft. 
Do. 
Do. 
Do. 
Do. 


A  pressure  of  500  kilograms  and  a  10-millimoter  ball  were  used. 
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Twelve  specimens  were  tested  for  transverse  strength,  four  as 
received,  four  after  soaking  in  water  for  210  hours  at  18°  C,  and 
four,  after  soaking  in  water  for  210  hours  at  50.5°  C.  The  small 
Emery  hydraulic  testing  machine  was  used  and  the  distance  between 
the  supports  was  2  inches.  The  modulus  of  rupture  was  calculated 
from  tne  formula 

K  -  2bd? 


where 


P  =  load  in  pounds  required  to  cause  rupture. 

L  =  length  between  supports. 

b  =  breadth  of  specimen. 

(Z  =  depth  or  thickness  of  specimen. 


Marks. 


Treatment. 


Width 
finch). 


t 
2 
3 

4 
1 
2 
3 

4 
1 
2 
3 

4 


As  received 

do 

....do 

do 

Soaked  in  cold  water. 

do 

do 

do 

Soaked  in  hot  water. . 

do 

do 

do 


0.497 
.496 
.406 
.497 
.542 
.542 
.543 
.541 
.537 
.520 
.543 
.541 


I'epth 
(inch). 


Transverse 
strength 
(pounds). 


0.501 
.500 
.500 
.500 
.707 
.710 
.707 
.715 
.708 
.685 
.700- 
.697 


930 
700 
790 
910 
500 
550 
520 
530 
530 
540 
540 
540 


Modulus  of  rupture. 


rounds 

per  square 

inch. 


22,400 

16,900 

19,000 

21,800 

5,537 

6,030 

5,746 

5.748 

5.906 

6,638 

6,254 

6,170 


Pounds 

per  square 

inch. 


20,025 
5,765 
0,242 


It  is  to  be  noted  that  upon  soaking  this  material  greatly  increased 
in  volume,  as  can  be  seen  from  observing  the  width  and  depth  columns 
given  above  and  the  photograph.  It  seems  that  the  specimens 
soaked  in  hot  water  have  slightly  superior  physical  properties  to 
those  soaked  in  cold,  as  shown  in  the  taole  above.  The  specimens  as 
received  had  a  higher  modulus  of  rupture  than  any  previously  tested 
material,  but  this  fell  off  greatly  upon  soaking.  None  of  the  speci- 
mens fractured  completely  but  had  a  tendency  to  bend  and  fracture 
only  on  the  side  under  tension. 


EXPERIMENTAL  DATA  OBTAINED  Off  THE  CHABPT  IMPACT 

MACHETE.1 

It  is  the  purnose  of  this  paper  to  present  a  limited  amount  of  experi- 
mental data  obtained  on  the  Charpy  impact  machine.  Several  con- 
crete examples  will  be  given  showing  the  relation  existing  between 
the  results  obtained  upon  the  Charpy  impact  machine  and  the  be- 
havior of  the  parts  tested  when  in  service. 

Although  it  is  pointed  out  bv  G.  Charpy  and  A.  Cornu-Thenard  in 
Revue  de  Metallurgie  for  March-April,  1917,  that  it  is  first  necessary 
to  determine  a  satisfactory  working  process  before  studying  the  cor- 
relation between  the  results  of  these  tests  and  the  behavior  of  the  parts 
tested  in  service,  this  ideal  course  can  not  be  strictly  adhered  to.  If  a 
certain  part  repeatedly  fails  in  service  and  the  available  tests  give  no 
indication  of  its  cause,  advantage  must  be  taken  of  any  possible  means 
which  will  solve  the  problem,  therefore,  even  thougn  the  reliability 
of  the  results  obtained  by  the  Charpy  impact  machine  have  been  ques- 
tioned by  many,  it  was  necessary  to  use  tnis  instrument  without  giving 
careful  consideration  to  its  possible  sources  of  error.  It  would  seem 
that  the  conclusions  arrived  at  by  Charpy  and  Cornu-Thenard  justify 
the  assumption  that  the  precision  obtained  by  this  machine  is  com- 
parable to  that  obtained  bv  the  other  more  common  forms  of  testing. 

The  second  general  conclusion  arrived  at  by  the  authors  referred  to 
above,  namely,  that  the  impact  test  upon  notching  does  not  offer  any 
direct  correlation  to  the  ordinary  tests,  is  also  borne  out  by  many 
hundred  determinations  made  in  the  laboratories  at  Watertown 
Arsenal.  In  making  this  statement,  however,  it  should  be  qualified 
as  follows:  Other  ordinary  tests  include  the  static  tensile  test  from 
bars  taken  in  a  longitudinal  direction  and  the  Brinell  hardness.  The 
author  of  this  paper  quite  thoroughly  agrees  that  no  law  is  yet  known 
for  the  computation  of  the  energy  absorbed  in  the  rupture  of  oars  of  the 
same  material  but  of  different  dimensions.  Although  G.  Charpy  and 
A.  Cornu-Thenard  do  not  refer  in  their  very  valuable  article  to  the  use 
of  the  Charpy  machine  in  industrial  practice,  it  should  be  stated  at  this 
point  that  this  instrument  has  been  in  constant  use  in  the  laboratory 
at  Watertown  Arsenal  for  several  years  and  is  now  employed  for  both 
routine  and  experimental  testing.  Experience  here  has  shown  that 
the  results  obtained  are  very  valuable  for  the  production  of  material 
satisfactory  for  ordnance  service.  That  the  above  statement  is  true 
is  well  supported  by  the  fact  that  the  authorities  who  are  responsible 

»  Attention  is  invited  to  the  fact  that  in  this  report  the  results  of  the  Charpy  impact  test  are  recorded  as 
foot-pounds  absorbed.  This  means  the  actual  number  of  foot-pounds  absorbed  in  breaking  the  specimen. 
For  convenience  the  results  are  generally  reported  as  foot-pounds  absorbed  per  square  inch.  This  value 
can  be  obtained  by  noting  the  area  of  the  specimen  broken  and  the  foot-pounds  required  to  break  this  area. 
For  the  notched  transverse  Charpy  bar  multiplying  the  results  recorded  by  12.7  will  give  with  reasonable 
accuracy  the  computed  value  of  foot-pounds  absorbed  per  square  inch. 

It  has  boen  proven  that  the  same  laws  of  similarity  which  hold  for  tensile  specimens  do  not  apply  for 
Charpy  specimens.  In  other  words,  if  a  small  transverse  Charpy  bar  having  the  dimensions  shown  in  this 
report  absorbs  2  foot-pounds  of  energy  in  rupture,  it  docs  not  follow  that  a  Charpy  bar  having  similar  dimen- 
sions to  the  small  bar  but  having  1  square  inch  of  material  below  the  notch  will  absorb  two  times  12.7  foot- 
pounds, in  other  words,  data  are  not  yet  available  which  will  allow  the  computing  of  the  force  of  rupture 
under  shock  of  a  larpe  specimen  from  the  data  obtained  upon  a  small  specimen.  The  results  of  the  Charpy 
test  must  at  the  present  time  be  considered  comparative.  The  fact  that  they  must  be  considered  compara- 
tive only  at  the  present  time  does  not  in  any  way  detract  from  their  value  in  the  study  of  the  properties  of 
any  material. 
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for  the  satisfactory  performance  of  ordnance  material  consider  the 
results  of  sufficient  importance  to  .warrant  the  installation  of  a  new 
300-kilogrammeter  capacity  Charpy  machine.  The  larger  machine 
will  be  installed  and  in  operation  in  the  near  future. 

Prof.  Henry  M.  Howe,  in  an  article  entitled  "The  Resilience  Test," 
appearing  in  the  Metallurgical  and  Chemical  Engineering,  volume  17, 
No.  6,  September  15,  1917,  makes  several  statements  to  which  excep- 
tion must  be  taken.  One  of  his  chief  questions  to  be  answered — "  Can 
either  the  nicked  or  the  unnicked  test  be  made  to  give  trustworthy 
results  of  fitness  for  nicked  and  unnicked  impact  service  V— does  not 
seem  to  be  a  proper  statement  of  the  problem.  It  is  not  a  proper 
statement  of  the  problem  because  the  difference  between  nicked  and 
unnicked  impact  service  can  not  at  present  be  defined.  In  other 
words,  what  definite  change  of  section  in  a  piece  will  be  necessary  in 
order  that  it  will  be  subjected  to  nicked  impact  service?  It  would 
seem  that  this  can  be  studied  best  by  determining  the  influence  of 
various  nicks  or  notches  on  test  pieces  themselves.  A  great  many 
results  have  been  obtained  on  this  subject,  but  they  are  certainly  far 
from  being  complete. 

In  order  to  attempt  an  answer  to  his  second  question — "  With  mate- 
rials of  such  a  degree  of  heterogeneousness  as  ought  reasonably  to  be 
provided  for  can  a  single  nicked  test  piece  give  a  trustworthy  measure 
of  resistance  ?" — it  will  first  be  necessary  to  accurately  define  the  form 
and  size  of  the  test  piece  to  be  employed  and  the  manner  in  which  the 
stress  is  to  be  applied.  A  standard  0.505  diameter  tensile  specimen 
does  not  necessarily  give  us  the  minimum  physical  properties  of  any 
element  of  the  forging  which  it  represents,  and  in  general  this  is  not 
what  is  desired. 

The  safety  of  any  piece  in  service  depends  upon  the  total  resistance 
to  stress  at  the  critical  section,  and  it  is  the  mean  physical  properties 
of  a  section  equal  to  the  critical  section  which  is  desired  in  the  test  to 
destruction  of  a  representative  specimen. 

A  single  tensile  specimen  does  not  by  any  means  always  give  one 
the  information  outlined  above,  and  it  would  not  seem  that  a  Charpy 
notched  bar  transverse  test  should  be  expected  to  do  so. 

In  regard  to  the  third  question  proposed  by  Prof.  Howe — "If  not, 
is  it  more  expedient  to  substitute  a  2-inch  threaded  length  of  impact 
tensile  test  piece  for  the  single  nick,  or  to  test  of  each  material  so  large 
a  number  of  test  pieces  as  to  insure  detecting  approximately  the 
weakest  section  ?" — the  last  part  of  this  query  has  been  touched  upon 
above.  Concerning  the  threaded  tensile  specimen,  this  form  has  been 
tried  out  in  the  laboratory  at  Watertown  Arsenal,  and  one  illustration 
of  the  results  obtained  will  be  given  in  this  paper.  Experiments 
would  indicate  that  a  series  of  notches  is  far  better  than  threading, 
as  in  the  case  of  a  threaded  specimen  the  fracture  must  pass  through 
the  apex  of  some  thread,  ana  as  a  result  the  area  of  fracture  can  not 
be  accurately  determined.  A  series  of  notches  accurately  determines 
the  area  of  metal  which  must  be  fractured  before  rupture  occurs. 
The  threaded  specimen  is  used  at  the  present  time  for  certain  forgings, 
which  are  themselves  threaded  in  part  or  throughout. 

Although  the  construction  and  mode  of  operation  of  the  Charpy 
machine  is  quite  well  known,  the  following  illustration,  plate  1,  is 
introduced  at  this  point  for  the  benefit  of  those  who  have  not  seen  this 
machine  in  actual  operation. 
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As  several  forms  of  Charpy  test  specimens  have  been  used  in  obtain- 
ing the  results  recorded  herein,  it  would  seem  advisable  at  this  point 
to  include  a  sketch  showing  their  dimensions  and  the  manner  in  which 
they  are  tested. 

The  tension  bars  are  fractured  by  screwing  one  end  into  the  holder  A 
(pi.  1),  which  is  a  part  of  the  pendulum  itself.  The  lug  B  is  then 
screwed  on  the  other  end  of  the  specimen,  and  when  the  pendulum  is 
released  the  lug  engages  the  arms  C  when  the  pendulum  is  in  the  ver- 
tical position.  The  pendulum  continues  its  oscillation,  and  the  foot- 
pounds absorbed  in  breaking  the  specimen  can  readily  be  ascertained 
by  noting  the  angle  of  deflection  of  the  pendulum  after  breaking  the 
specimen. 

Charpy  notched  bar  transverse  test. — The  dimensions  of  the  bar  used 
are  shown  on  plate  2.  The  specimen  is  placed  in  the  supports 
(D,  pi.  1),  and  the  force  applied  by  the  knife  of  the  pendulum,  as 
indicated  by  the  arrow  in  plate  2. 

Charpy  notched  bar  tensile  test. — A  drawing  of  this  specimen  is  shown 
on  plate  2.  This  test  consists  of  an  impact  tensile  test  on  a  grooved 
tensile  specimen. 

Charpy  tensile  test.—&  drawing  of  this  specimen  is  shown  on  plate  2. 
The  test  consists  of  an  impact  tensile  test  on  a  uniform  section  tensile 
specimen.  The  diameter  of  this  specimen  in  the  stem  is  the  same  as 
the  diameter  of  the  Charpy  notched  bar  used  for  tensile  tests  at  the 
base  of  the  notch.  In  other  words,  to  make  the  Charpy  tensile  speci- 
men without  the  notch  the  notched  bar  is  turned  down  to  a  uniform 
diameter,  this  diameter  being  that  of  the  notched  bar  at  the  base  of 
the  notch. 

The  first  tests  to  be  described  are  those  taken  from  a  chrome-nickel 
steel  forging  approximately  5  inches  in  diameter  and  10  feet  long. 
This  forging  was  threaded  with  a  square  thread  throughout  its  length. 
The  threads  were  approximately  one-fourth  inch  deep.  The  composi- 
tion of  this  forging  was  as  follows: 


c. 

Mn. 

Si. 

S. 

P. 

Ni. 

Cr. 

Percent. 
0.43 

Percent. 
0.64 

Percent. 
0.19 

Percent. 
a  018 

Percent. 
0.03 

Percent. 
3.08 

Percent. 
1.07 

This  forging  was  purchased  under  the  following  specification: 

Elastic  limit 100, 000  pounds  per  square  inch. 

Tensile  strength 120, 000  pounds  per  square  inch. 

Elongation 14  per  cent. 

Contraction  of  area 30  per  cent. 

The  forging  was  accepted  at  the  works  of  the  manufacturer,  after 
having  passed  a  satisfactory  test.  The  forging  referred  to  above  failed 
in  service,  and  upon  its  receipt  in  the  laboratory  the  following  tests 
were  carried  out. 

Material  (Forging  No.  1,  as  Received  from  Service). 

Static  tensile  test. — Tensile  specimens  tested  in  Emery  hydraulic 
machine.  Specimens  shown  on  plate  3  were  taken  in  direction  of  prin- 
cipal axis  of  forging,  or,  in  other  words,  longitudinal  specimens. 
Tensile  tests  under  a  majority  of  present  specifications  would  be  taken 
as  above. 
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Results. 


Specimen  marks. 

Elastic  limit 
(pounds  per 
squaro  inch). 

Yield  point 

(pounds  per 

square  inch). 

Tensile 

strength 

(pounds  per 

square  inch). 

Elongation 
(per  cent). 

Contrac- 
tion of 
area 
(per  cent). 

Brinell 

hardness 

No. 

1 

106,000 
108,000 
100,000 
100,000 

112,000 
111,000 
107,000 
109,000 

137,000 
136,500 
136,000 
136,500 

19.0 
19.0 
19.0 
19.5 

51.9 
51.9 
49.1 
51.9 

293 
281 
277 
281 

2 

3 

4 

Mean 

104,000 

109,750 

136,500 

19.2 

51.2 

283 

Plate  3. — Material  (Forging  No.  1,  as  Received  from  Service). 

Static  tensile  test. — Tensile  specimens  tested  in  Emery  hydraulic 
machine.  Specimens  shown  below  were  taken  at  right  angles  to  prin- 
cipal axis  of  forging  or,  in  other  words,  transverse  specimens. 

Results. 


Specimen  marks. 

Elastic  limit 
(pounds  per 
square  Inch). 

Yield  point 

(pounds  per 

square  inch). 

TensHe 

strength 

(pounds  per 

square  inch). 

Elongation 
(per  cent). 

Contrac- 
tion of 
area 
(per  cent). 

i 

Brinell 

hardness 

No. 

1 

» 107,000 
99,000 
95,000 

116,500 
121,500 
120,000 

2.5 
3.5 
4.0 

5.7 
5.7 
5.7 

285 
277 
277 

2 

85,000 
85.000 

3 

Mean 

85,000 

97,000 

119,350 

3.3 

5.7 

280    j 

1  Extensometer  readings  not  taken.    Result  not  used  in  computing  means. 
Plate  4. — Material  (Forging  No.  1,  as  Received  from  Service). 

Charpy  notched  bar  transverse  test. — Plate  5  shows  the  jfractured 
specimens.  The  lower  row  shows  those  taken  at  right  angles  to  the 
axis  of  the  forging  with  slot  cut  in  the  direction  of  forging,  and  the 
upper  row  those  taken  in  direction  of  axis  of  forging  with  slot  cut  at 
ngnt  angles  to  forging. 

Results. 


Transverse. 

Longitudinal. 

No. 

Foot- 
pounds 
absorbed. 

No. 

Foot- 
pounds 
absorbed.  > 

1 

1.34 

1.70- 

1.61 

1.25 

1.70 

.97 
1.43 

.97 

1 

2.09 

2 

2 

2.09 

2.18 

1.52 

1.99 

2.18 

3.05       , 

2.09 

2.09 

3 

3 

4 

4 

5 

5 

6 

6 

7 

7 

8 

8 

Mean 

9 

1.37 

Mean 

2.14       1 

RESEARCH. 
Platb  5.— Material  (Forging  No.  1,  as  Received  prom  Service). 
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Tensile  Charpy  specimens  taken  along  axis  of  forging  (longitudinal) . 
Upper  row  not  notched,  lower  row  notched  with  a  diameter  at  bottom 
oinotch  equal  to  diameter  of  unnotched  specimen.     (See  pi.  6.) 


Results. 


Specimens  not  notched. 

Notched  specimens. 

No. 

Diame- 
ter 
(inch). 

Foot- 
pounds 

ab- 
sorbed. 

Elonga- 
tion in  2 
Inches 
(per 
cent). 

Contrac- 
tion of 
area 
(per 
cent). 

No. 

Diame- 
ter 
(inch). 

Foot- 
pounds 

ab- 
sorbed. 

1 

0.237 
.237 
.237 
.237 
.237 

147.5 
179.1 
161.1 
177.8 
165.0 

13.5 
16.0 
15.-0 
16.5 
15.0 

54.5 
56.8 
56. 8 
56. 8 
59.0 

1 

0.233 
.235 
.239 
.237 
.239 

.*    3.25 

2 

2 

•    5.58    i 
6.32 
6.11 
8.41 

3 

3-. 

4 

4 

5 

5 

Mean 

1 

.237 

166.1 

15.2 

56.8 

.236 

5.93    [ 

i 

Plate  6. — Material  (Forging  No.  1,  as  Received  from  Service). 

Tensile  Charpy  specimens  taken  at  right  angles  to  axis  of  forging. 
Upper  row  not  notched,  lower  row  notched  with  a  diameter  at  bottom 
of  notch  equal  to  diameter  of  unnotched  specimen.     (See  pl.j7.) 


Specimens  not  notched. 

Notched  specimens. 

No. 

Diame- 
ter 
(inch). 

Foot- 
pounds 

ab- 
sorbed. 

Elonga- 
tion (per  j 
cent). 

No. 

Diame- 
ter 

(inch). 

0.238 
.237 
.237 
.239 
.235 

FOOtr 

pounds 

ab- 
sorbed. 

1 

0.237 
.237 
.237 
.238 
.237 

* 

10.88 
5.69 

13.75 
6.65 
4.85 

0.9 
1.0 

.5 
1.0 

.5 

1 

1.43 
2.47 
2.76 
2.09 
1.34 

2 

2 

3 

3 

4 

4 

5 

5 

Mean 

Mean 

i 

4.36 

.8 

^ 

2.01 

»  Results  not  used  in  computing  mean.    Fracture  occurred  at  fillet,  making  results  comparable  to  those 
obtained  on  grooved  specimens. 

•Plate  7. — Material  (Forging  No.  1,  as  Received  from  Service). 

Static  tests  on  miniature  forcings. — Specimens  pulled  in  Emery 
hydraulic  machine.  These  specimens  were  machined  from  the  forging 
as  received  from  service  and  made  as  nearly  proportional  as  possible 
to  the  large  forging.  The  two  specimens  on  the  left,  plate  8,  were 
taken  in  the  direction  of  the  axis  of  the  forging  (longitudinal).  The 
two  specimens  on  the  right  were  taken  at  right  angles  to  the  axis  of 
the  forging  (transverse). 
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Results. 


LONGITUDINAL  MINIATURE  FORCINGS. 


Specimen  No. 

Elastic  limit 
(pounds  per 
square  inch). 

Tensile 

strength 

(pounds  per 

square  inch). 

Elongation 
(percent). 

Contrac- 
tion of 
area 
(per  cent). 

1 

117,750 
120,000 

146,650 
151,100 

5.5 
8.0 

31.1 
24.4 

2 

if  ean 

118,875 

148,875 

6.7 

27.7 

TRANSVERSE  MINIATURE  FORCINGS. 


1 

113,350 
113,350 

124,450 
135,550 

1.5 
2.5 

None. 
None. 

2 

Mean 

113,350 

130,000 

2.0 

None. 

Plate  8. — Material  (Forging  No.  1,  as  Received  from  Service). 

Charpy  tensile  test  on  miniature  forging.     Both  specimens  taken 
in  direction  of  axis  of  forging.     (See  pi.  9.) 

Results. 


Specimen  No. 

Diameter 
(inch). 

Foot- 
pounds 
absorbed. 

Elongation 
in  2  inches 
(per  cent). 

1 

0.240 
.240 

23.15 
17.28 

2.5 
1.6 

2 

Mean 

.240 

20.21 

2.0 

Plate  9. — Material  (Forging  No.  1,  as  Received  from  Service). 

Miniature  forging  broken  in  Charpy  machine.  The  design  of  the 
thread  was  the  same  on  the  two  specimens  on  the  left  as  now  used  on 
the  forging.  The  thread  was  changed  on  the  two  specimens  on  the 
right  and  rounded  at  the  base.  The  sketch  below  illustrates  the 
conditions  present. 


Results. 


Description  of  specimen. 


Flat  bottom  thread . . . 

Do 

Round  bottom  thread 

Do 


Diameter 
(inch). 

Foot- 
pounds 
absorbed. 

Elonga- 
tion in 
2  inches, 
(per 
cent). 

Mean 
foot- 
pounds 
absorbed. 

0.340 
.340 
.340 
.340 

52.24 
87.50 
38.55 
50.63 

1.5 
3.0 
1.0 
1.5 

69.87 

44.69 

It 
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Plate  10. — Material  (Forging  No.  1,  as  Received  from  Service). 

(See  pi.  11.] 

From  left  to  right,  the  first  specimen  shows  fractured  end  of  static 
tensile  specimen  taken  in  longitudinal  direction.  Good  ductility, 
elastic  limit,  and  tensile  strength. 

The  second  specimen  represents  a  static  tensile  specimen  taken  at 
nght  angles  to  No.  1  or,  in  other  words,  a  transverse  specimen.  No 
ductility,  good  elastic  limit,  and  tensile  strength. 

Specimen  No.  3  represents  an  unnotched  longitudinal  Charpy  speci- 
men.    High  shock  strength,  good  ductility. 

Specimen  No.  4  represents  a  notched  longitudinal  Charpy  specimen. 
Low  shock  strength. 

Specimen  No.  5  represents  a  miniature  forging  taken  in  a  longitu- 
dinal direction  and  broken  as  a  tensile  specimen  in  the  Charpy 
machine.     Low  shock  strength. 

Summary  of  results  on  forging  No.  1,  as  received  from  service. 


Nature  of  test. 

Description  of  speci- 
men. 

Yield 

point 

(pounds 

per 
square 
inch). 

Elastic 

limit 

(pounds 

per 
square 
inch). 

Tensile 

strength 

(pounds 

per 
square 
inch). 

Elon- 
gation 
(per 
cent). 

Con- 
trac- 
tion 
(per 
cent). 

Foot- 
pounds 

ab- 
sorbed. 

Static  tensile;  mean  of 

4  tests. 
Static  tensile;  mean  of 

3  tests. 
Charpy  notched  bar, 

transverse  test; 

mean  of  8  tests. 
Do : 

0.505  -  inch    standard 
tensile,  longitudinal. 

0.505  -  inch    standard 
tensile,  transverse. 

Notched  bar.  longitu- 
dinal. 

Notched  bar,  trans-  .. 

109,750 
97,000 

104,000 
85,000 

136,500 
119,350 

19.2 
3.3 

51.2 
5.7 

2.14 

1.37 
166.1 

5.93 

4.36 
2.01 

» 

Charpy  tensile  test; 
mean  of  5  tests. 

Charpy  notched  bar, 
tensile  test;  mean  of 
5  tests. 

Charpy   tensile  test, 
mean  of  5  tests. 
i 

'    Charpy  notched  bar, 
1       tensile  test;  mean  of 
5  tests. 

verse. 

Small  tensile  bar  with- 
out notch,  0.237  inch 
diameter,  longitudi- 
nal. 

Small  tensile  bar  with 
notch,  0.237  inch  at 
bottom,    longitudi- 
nal. 

Small  tensile  without 
notch,  0.237  inch  di- 
ameter, transverse. 

Small  tensile  bar  with 
notch,  0.237  inch  di- 
ameter, transverse. 

15.2 

m 

56. 8 

.8 

■ 

i 

Miniature  forging. 


Nature  of  test. 

Yield 

point 

(pounds 

per 
square 
inch). 

Tensile 
strength 
(pounds 

per 
square 
inch). 

Elonga- 
tion (per 
cent). 

Contrac- 
tion (per 
cent). 

Foot- 
pounds 

ab- 
sorbed. 

Static  trftnsv*»Mf»*  mran  of  2  tests ..  

118,875 
113,350 

148,875 
130,000 

6.7 
2.0 

27.7 
None. 

Charpy  tensile  tests,  longitudinal;  mean 

20.21 
69.87 

44.  Ov 

Charpy  tensile  test,  longitudinal:  diame- 
ter at  bottom  of  thread,  0.340  inch; 

Charpy  tensile  test,  longitudinal;  diame- 
ter at  bottom  of  thread,  0.340  inch; 
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An  examination  of  these  physical  tests  enables  the  statement  of 
several  facts. 

(1)  The  longitudinal  static  tensile  specimens  show  good  physical 
qualities  and  meet  the  following  specifications  in  a  satisfactory 
manner: 

Elastic  limit «...  100,000  pounds  per  square  inch. 

Tensile  strength 120,000  pounds  per  square  inch. 

Elongation 14  per  cent. 

Contraction 30  per  cent. 

The  yield  point  and  elastic  limit  are  only  separated  by  5,750 
pounds. 

(2)  The  transverse  static  tensile  specimens  show  a  lower  elastic 
limit  and  ultimate  strength  than  the  longitudinal  tensile  specimens, 
but  are  particularly  marked  by  the  absence  of  ductility.  The1  yield 
point  and  tensile  strength  differ  by  12,000  pounds. 

(3)  The  Charpy  strength  as  determined  by  the  notched  bar  trans- 
verse test  is  very  low,  being  comparable  to  a  good  cast  iron.  The 
specimens  taken  from  the  forging  in  a  longitudinal  direction  gave 
approximately  60  per  cent  greater  resistance  than  those  taken  in 
transverse  direction.  Similar  forgings  recently  manufactured  have  a 
Charpy  strength  of  24  to  28  foot-pounds,  or,  using  this  test  as  a 
criterion  of  shock-resisting  power,  over  10  times  as  great.  No 
trouble  to  date  has  been  experienced  with  this  material,  and  the 
manufacture  of  a  satisfactory  forging  for  the  particular  service 
required  was  made  possible  by  the  use  of  the  Charpy  machine. 

(4)  The  small  tensile  unnotched  Charpy  bars  taken  longitudinally 
absorbed  166.1  foot-pounds.  The  diameter  of  these  specimens  was 
0.237  inch.  The  small  tensile  bars  with  notch,  the  diameter  at  the 
base  of  the  notch  being  0.237  inch,  absorbed  5.93  foot-pounds.  The 
very  apparent  fact  is  that  the  notch  seriously  reduced  the  shock 
strength,  the  notched  bars  offering  one  twenty-eighth  of  the  re- 
sistance of  the  unnotched  specimens.  Neglecting  the  merits  and 
demerits  of  the  respective  specimens,  it  can  be  stated  positively  that 
abrupt  change  of  section  acts  in  some  very  pronounced  jnanner  to 
reduce  the  resistance  to  shock. 

(5)  The  small  unnotched  Charpy  tensile  specimens  taken  in  a 
transverse  direction  gave  a  mean  value  of  4.36  foot-pounds  absorbed, 
whereas  the  notched  tensile  specimens  taken  in  the  same  direction  gave 
2.01  foot-pounds  absorbed,- or  a  reduction  of  approximately  one-half . 
The  difference  between  the  notched  and  unnotched  specimens  was 
much  less  when  the  specimens  were  taken  in  the  transverse  direction. 
It  is  to  bo  noted  in  this  connection  that  the  ductility  was  good  in 
the  longitudinal  direction,  but  practically  zero  in  the  transverse 
direction.  It  would  seem  that  a  very  close  relation  exists  between 
ductility  and  the  effect  of  abrupt  section  changes. 

(6)  It  is  also  of  interest  to  note  that  the  longitudinal  specimen^ 
notched  gave  a  mean  value  of  5.93  foot-pounds  absorbed,  whereais 
the  unnotched  transverse  specimens  gave  4.36  foot-pounds  absorbed. 

(7)  As  the  influence  of  tne  notch  on  specimens  subjected  to  shock 
was  so  apparent,  a  number  of  miniature  forgings  were  made,  as  pre- 
viously described.  These  miniature  forgings  had  dimensions  pro- 
portional to  the  service  forging.  Static  tensile  tests  on  these  forgings 
showed  that  the  yield  and  tensile  strength  were  increased  by  the 
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presence  of  the  threads,  whereas  the  ductility  was  reduced.  This  Is 
true  for  both  longitudinal  and  transverse  specimens  and  is  in  agree- 
ment with  our  present  knowledge  that  a  notch  or  thread  will  increase 
the  yield  point  and  tensile  strength  on  the  reduced  section  caused  by 
notching  or  threading. 

(8)  Miniature  forcings  were  then  taken  in  a  longitudinal  direction 
to  approximate  service  conditions.  The  foot-pounds  absorbed  in  the 
rupture  of  these  specimens  gave  a  mean  value  of  20.21. 

Absorbed, 
(foot-pounds). 

Unnotched  bar,  0.237  inch 166. 1 

Notched  bar,  0.237  inch  base  of  notch 5.  93 

Miniature  threaded  forging,  0.237  inch  root  of  thread "20. 21 

The  notch  in  the  notched  bar  specimen  was  continuous,  whereas 
in  the  threaded  specimen  the  fracture  must  pass  through  a  thread 
or  over  a  greater  area  than  is  the  case  with  the  regular  notched 
Charpy  tensile  specimen.  These  results  show  beyond  doubt  that 
threading;  has  served  to  bring  into  play  the  factors  associated  with 
abrupt  change  of  section,  and  it  is  reasonable  to  assume  that  these 
factors  are  active  under  service  conditions,  as  the  fractures  of  the 
forgings  which  failed  in  service  are  very  similar  to  the  fracture  of 
the  miniature  forging  broken  in  the  Charpy  machine.  Furthermore, 
no  ductility  was  displayed  by  either  after  rupture,  which  shows 
conclusively  that  the  properties  exhibited  by  the  longitudinal  static 
tensile  specimen  were  not  utilized  previous  to  failure. 

(9)  Tne«ordinary  tensile  tests  showed  a  complete  lack  of  ductility 
at  right  angles  to  the  axis  of  the  forging.  (See  p.  226.).  Our  present 
knowledge  would  therefore  lead  us  to  conclude  tnat  brittleness  would 
be  experienced  at  right  angles  to  the  principal  axis.  The  unnotched 
Charpy  tensile  specimens,  taken  at  right  angles  to  the  axis  of  the 
forging,  verify  this  conclusion.  (See  p.  227.)  The  apparent  effect  of 
notching  a  bar  taken  in  the  longitudinal  direction  is  to  weaken  it 
under  shock.  It  is  assumed  that  the  effect  of  notching  is  to  seriously 
augment  the  stresses  at  right  angles  to  the  main  axis  of  the  forging 
(see  p.  227),  and  as  brittleness  is  present  in  this  direction  failure  occurs 
at  unexpectedly  low  stresses.     (Plata  12.) 

Micrograph  No.  3727,  at  500  diameters,  shows  the  general  structure 
forging  No.  1  as  taken  from  service.  The  original  martensitic  forma- 
tion caused  by  quenching  still  persists,  which  is  in  itself  an  indication 
of  brittleness,  and  the  presence  of  such  a  structure  should  have  been 
sufficient  grounds  for  recommending  re-treatment. 

The  following  results  were  obtained  from  forging  No.  2,  which  was 
a  duplicate  of  No.  1,  and  which  also  failed  in  service,  and  an  inspec- 
tion of  these  figures,  together  with  a  comparison  with  the  results  on 
forging  No.  1,  may  be  of  interest. 
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Static  tensile  test. 


LONGITUDINAL  SPECIMEN. 


Specimen  marks. 


1 

2 

3 

4 

Mean 


Elastic  limit 

(pounds  per 

square  inch). 


110,000 
105,000 
100,000 
104.000 


104,750 


Yield  point 

(pounds  per 

square  inch). 


114.000 
114,000 
111,000 
109,000 


112,000 


Tensile 

strength 

(pounds  per 

square  inch). 


140,000 
140,500 
139,000 
138,000 


139,250 


Elongation 
(per  cent). 


16.5 
16.0 
17.5 
17.5 


16.9 


Contrac- 
tion of 
area 
(per  cent). 


46.2 
46.2 
46.2 
46.2 


46.2 


Brinell 

hardness 

No, 


285 
285 
285 
285 


285 


TRANSVERSE  SPECIMEN. 


1 

92,000 
92,000 
95,000 

99,000 
100,000 
100,000 

108,542 
110,000 
114,500 

1.5 
1.5 
1.5 

5.5 

s          5.7 

5.7 

285 
202 
285 

2 

3 

Mean 

93,000 

99,666 

111,014 

1.5 

5.6 

277 

Charpy  notched  bar  transverse  test. 


Specimens 

Specimens 

taken 

taken 

longitudinally 

transversely 

(foot-pounds 

(foot-pounds 

absorbed). 

absorbed). 

2.09 

0.70 

1.61 

1.99 

1.99 

1.25 

2.09 

.79 

2.09 

1.16 

1.61 

1.34 

1.99 

1.16 

2.09 

1.08 

»  1.94 

i  1.18 

1  Mean. 


Charpy  notched  bar  tensile  test — Longitudinal. 


Specimen  No. 

Foot-pounds 
absorbed. 

1 

6.11 
7.74 
3.85 
6.32 
3.95 

2 

3 

4 

5 

Mean 

5.59 

RESEARCH. 
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Ckarpy  tensile  test  on  unnotched  bars — Longitudinal. 
.  [  Diameter  of  bars  equal  to  diameter  at  bottom  of  notch  of  notched  Charpy  tensile  specimens.  J 


Specimen  No. 

Foot-pounds 
absorbed  per 
square  inch; 

Elongation 
(per  cent). 

Contraction 

of  area 
(percent). 

1 

74.39 
158.2 
159.4 

26.50 
125.9 

i5.5 
13.5 
14.0 
U.5 
19.5 

2 

50.0 
52.2 

3 

4 

5 

Mean 

108.87 

1  Fractured  at  Allot.  Th?se  spscimsns  are  omitted  from  the  mean  as  they  fractured  without  contraction 
of  area,  the  fracture  being  caused  by  improper  radius  of  fillet. 

Ckarpy  notched  bar  tensile  test — Transverse. 


Specimen  No. 

Foot-pounds 
absorbed. 

* 

1 

2.27 
2.66 
2.85 
2.18 
2.09 

2 

3 

4 

5 

Mean 

2.41 

Charpy  tensile  test  of  unnotched  bars — Transverse. 
[Diameter  of  bars  equal  to  diameter  at  bottom  of  notch.] 


Specimen  No. 

Foot- 

pounds 

absorbed. 

15.21 
5.58 
4.14 
6.11 
5.06 

Elongation 
(per  cent). 

Contrac- 
tion of 
area 
(per  cent). 

1 

1.5 
1.0 
1.0 
1.0 
1.0 

2.2 
2.2 
2.2 
2.2 
2.2 

2 

3 

4 

5 

Mean 

7.22 

1.1 

2.2 

1.  The  static  tensile  qualities  of  forging  No.  2  are  very  similar  to 
those  of  forging  No.  1.  The  former  has  a  slightly  lower  yield  point 
and  tensile  strength  and  higher  elongation  and  contraction  in  the 
longitudinal  direction.  Both  sets  of  transverse  specimens  were 
marked  with  very  low  ductility. 

2.  The  Charpy  notched  bar  transverse  tensile  test  gave  almost 
identical  results  on  the  two  forgings. 

3.  The  results  of  the  Charpy  notched  bar  tensile  test  were  nearly 
alike  for  the  specimens  taken  in  a  longitudinal  direction,  and  for 
those  taken  in  the  transverse  direction  the  specimens  from  forging 
No.  2  gave  inferior  results,  approximating  50  per  cent  of  the  strength 
shown  by  the  specimens  from  forging  No.  1 . 

4.  The  Charpy  tensile  specimens  without  notches  agreed  very 
closely  for  both  those  taken  in  the  longitudinal  ahd  transverse  direc- 
tion. The  Charpy  notched  bar  tensile  tests  for  forging  No.  2  taken 
in  the  longitudinal  direction  gave  a  mean  of  5.59  foot-pounds 
absorbed,  whereas  the  Charpy  tensile  specimens  without  a  notch 
taken  in  the  transverse  direction  gave  7.22  foot-pounds  absorbed. 
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Here  again  is  evidence  that  notching  the  longitudinal  test  specimen 
brings  into  play  the  properties  exhibited  by  the  transverse  unnotched 
specimen. 

The  results  of  the  tests  on  the  two  forcings  were  in  such  good 
agreement,  and  as  they  apparently  suffered  from  the  same  defects 
No.  1  only  was  selected  for  further  work. 

This  additional  investigation  consisted  in  heat  treating  a  section 
of  forging  No.  1  and  determining  its  physical  properties  by  a  series 
of  tests  similar  to  those  already  described.  The  heat  treatment  con- 
sisted in  heating  one  of  the  broken  sections  of  the  forging  about  2 
feet  in  length  to  800°  C,  followed  by  quenching  in  water.  After 
quenching  in  water  the  piece  was  tempered  four  hours  at  575°  C. 
One-half  of  this  section  was  cut  up  for  test  and  the  remaining  piece 
tempered  two  additional  hours  at  650°  C. 

Material. — Forging  No.  1,  heated  to  800°  C,  quenched  in  water, 
and  drawn  four  hours  at  575°.  Static  tensile  test.  Plate  13  illus- 
trates the  appearance  of  the  specimens  after  fracture,  the  top  row 
showing  the  longitudinal  specimens  and  the  bottom  row  the  trans- 


verse. 
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Specimen  No. 

Elastic  limit 

(pounds  per 

square  inch). 

• 

Yield  point 

(pounds  per 

square  inch). 

Tensile 

strength 

(pounds  per 

square  inch). 

Elongation 
(per  cent). 

Contrac- 
tion of 
area 
(per  cent). 

Brinell 

hardness 

No. 

1 

-      105,000 
105,000 
105,000 

110,000 
110,000 
109,000 

135,500 
136,500 
135,500 

19.5 
17.0 
18.5 

49.1 
49.1 
44.2 

285 
2K5 
269 

2 

3 

Mean 

105,000 

109,666 

135,833 

18.2 

48.1 

279 

TRANSVERSE. 


1 

2 

3 

Mean. 


100,000 
100,000 
100,000 

105,000 
104,000 
105,000 

3.5 
6.5 
9.0 

277 
277 
269 

129,600 
131,000 

13.3 
9.5 

100,000 

104,666 

130,250 

6.3 

7.6 

274  1 

(Plate  13.) 

Material. — Forging  heated  to  800°  C,  quenched  in  water,  and 
drawn  four  hours  at  575°  C.  Charpy  tensile  test.  Plate  14  illus- 
trates the  appearance  of  the  specimens  after  fracture,  the  top  row 
showing  the  longitudinal  tests  and  the  bottom  row  showing  the 
transverse. 

LONGITUDINAL. 


Specimen  No. 

Foot-pounds 
absorbed. 

Elongation 
(per  cent). 

Contraction 
(per  cent). 

1 

176.3 
161.9 
184.7 

16.0 
14.5 
16.5 

50.0 
54.5 
56.8 

2 

3 

Mean 

174.3 

15.6 

53.7 

TRANSVERSE. 


1 

65.60 

116.80 

50.63 

7.0 

10.5 

5  0 

9.0 

18.1 

6.8 

2 

3 

Mean 

77.67 

7.5 

11.3 

..s..s.^..s..s.^„pg;ls..i..i. 

H.         *         -f-.t..s..5. 
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Material. — Forging  heated  to  800°  C,  quenched  in  water,  and 
drawn  four  hours  at  575°  C. 

Charpy  notched  bar  transverse  test. 

SPECIMENS  TAKEN  IN  LONGITUDINAL  DIRECTION. 


Specimen  No. 

Foot-pounds 
absorbed. 

1 

3.25 
2.18 
2.56 
3.25 

2 

3 

4 

Mean 

2.81 

SPECIMEN  TAKEN  IN  TRANSVERSE  DIRECTION. 


1 

2.09  ^ 
1.99 
3.05 
2.09 

2 

3 

4 

Mftftn  „  -  ,  r  .  .  .  .  T 

2.30 

Charpy  notched  bar  tensile  test. 
SPECIMENS  TAKEN  IN  LONGITUDINAL  DIRECTION. 


Specimen  No. 

* 

Foot-pounds 
absorbed. 

1 

14.08 
10.72 
12.86 

2 

3 

Mean 

12.55 

SPECIMENS  TAKEN  IN  TRAN8VERSE  DIRECTION. 


1. 
2. 
3. 


Mean. 


3.15 
2.09 
7.74 


4.32 


Summary  of  tests  on  forging  No.  1  after  quenching  in  water  from  800°  C.  and  drawing  four, 

hours  at  575°  C. 


Nature  of  test. 

Description  of 
specimen. 

Elastic 

limit 

(pounds 

per 
square 
inch). 

Yield 

point 

(pounds 

per 
square 
inch). 

Tensile 
strength 
(pounds 

per 
square 
inch). 

Elon- 
gation 
(per 
cent). 

Con- 
trac- 
tion 

(per 
cent). 

Foot- 
pounds 

ab- 
sorbed. 

Static  tensile;  mean 
of  3  tests. 
Do 

0.505  inch  diameter, 
longitudinal. 

0.505  inch  diameter, 
transverse. 

Bars  taken  in  longi- 
tudinal direction. 

Bars  taken  in  trans- 
verse direction. 

0.237  inch  diameter, 
longitudinal. 

0.237  inch  diameter, 
transverse. 

0.237  inch  diameter  at 
bottom    of    notch, 
longitudinal. 

0.237  inch  diameter  at 
bottom    of.  notch, 
transverse. 

105,000 

• 

100,000 

109,666 
104,666 

135,833 
130,250 

18.2 
6.3 

48.1 
7.6 

2.81 

2.30 
174.3 
77.67 
12.55 

4.32 

Charpy  notched  bar 
transverse        test; 
mean  of  4  tests. 
Do 

Charpy  tensile  test; 
mean  of  3  tests. 
Bo 

15.6 
7.5 

53.7 
11.3 

Charpy  notched  bar 
tensile  test;  mean  of 
3  tests. 
Do 
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The  microstructure  of  the  material  of  the  forging  after  quenching 
and  drawing  at  575°  C.  showed  a  very  fine  structure  consisting  of 
sorbite  and  troostite.  The  faint  outlines  of  large  grains  were  visible. 
This  network  could  not  have  resulted  from  the  heating  for  auenching, 
as  the  temperature  was  too  low.  It  was  probably  the  result  of  some 
earlier  treatment,  the  results  of  which  were  not  obliterated  entirely 
by  the  subsequent  heating  above  the  range. 

Forging  heated  to  800°  C,  quenched  in  water,  drawn  four  hours 
at  575°  C.,  and  two  additional  nours  at  650°  C. 

Static  test. — Plate  15,  top  row,  shows  specimens  taken  in  longi- 
tudinal direction,  and  the  bottom  row  shows  transverse  specimens. 


LONGITUDINAL  SPECIMENS. 


Specimen  No. 
1 

Elastic  limit 

(pounds  per 

square  inch). 

Yield  point 

(pounas  per 

square  inch). 

Tensile 

strength 

(pounas  per 

square  inch). 

Elongation 
(per  cent). 

Contrac- 
tion of 
area 
(per  cent). 

RrinelJ 

hardness 

No. 

94,000 
93,000 
92,000 

98,000 
96,000 
95,000 

122,000 
120,500 
120,000 

20.0 
21.0 
21.0 

54.6 
54.6 
54.6 

255 
248 
248 

2 

3 

Moan 

93,000 

96,333 

120.833 

20.6 

54.6 

250 

TRANSVERSE  SPECIMENS. 


1 

90,000 
93,000 
93,000 

93,000 
95,000 
96.000 

113,500 
119,500 
120.500 

16.5 
16.0 
14.5 

34.0 
34.0 
34.0 

241 
241 

248 

2 

Mean 

92,000 

94,666 

119.500 

15.6 

34. 6 

243 

(Plate  15.) 

Material. — Forging  heated  to  800°  C.  and  quenched  in  water. 
Drawn  four  hours  at  575°  C.  and  two  additional  hours  at  650°  C. 
Tensile  Charpy  test.  Plate  16,  top  row,  shows  longitudinal  speci- 
mens and  the  bottom  row  shows  transverse  specimens. 

LONGITUDINAL  SPECIMENS. 


Specimen  No. 

Foot-pounds 
absorbed. 

Elongation 
(percent). 

Contraction 
(per  cent). 

1 

182.9 
177.2 
165.5 

18.0 
18.0 
16.5 

56.8 
56.8 
59.0 

2 

3 

Moan 

175.2 

17.5 

57.5 

TRANSVERSE  SPECIMENS. 


1 

163.2 
176.0 
168.1 

16.0 
17.5 
16.0 

4a  9 
43.1 
40.9 

2 

3 

Mean 

169.1 

16.5 

41.6 

SOS-**™ 

Pi    ' 


•:• 
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(Plate  16.) 

Material. — Forging  quenched  in  water  from  800°  C.  and  drawn 
four  hours  at  575    C,  followed  by  two  hours  at  650°  C. 

Charpy  notched  bar  transverse  test. 
SPECIMENS  TAKEN  IN  LONGITUDINAL  DIRECTION. 


Specimen  No. 

Foot-pounds 
absorbed. 

11.19 

9.90 

11.07 

12.02 

1 , 

2 

3 

4 

Mean 

11.04 

SPECIMENS  TAKEN   IN  TRANSVERSE 

DIRECTION. 

1 

2.27 

5.06 

'     5.79 

5.16 

2 

3 

4 ; 

Mean «. 

4.57 

Charpy  tensile  notched  bar  t<M. 
SPECIMENS  TAKEN  IN  LONGITUDINAL   DIRECTION. 


• 

Specimen  No. 

Foot-pounds 
absorbed. 

,   1 

14.58 
18. 60 
11.54 

2 

3 

Mean 

11.01 

SPECIMENS  TAKEN  IN  TRANSVERSE  DIRECTION. 


1 

8.76 
6.65 
7.52 

2 

3 

Mean 

7.64 

(Pla.e  17.) 
Mean  results  on  static  tensile  tests  talin  in  transverse  direction. 


Specimen. 


Drawn  at  575°  C. 
Drawn  at  650°  C. 


Elastic  limit 

(pounds  per 

square  inch). 


100,000 
93,000 


Yield  point 

(pounds  per 

square  inch). 


104,666 
94,666 


Tensile 

strength 

(pounds  per 

square  inch). 


130,250 
119,500 


Elongation 
(per  cent). 


Contrac- 
tion of 
area 
(per  cent). 


6.3 
15.6 


7.6 
34.0 


Brinell 

hardness 

No. 


274 
243 


Plate  18  groups  the  fractured  transverse  Charpy  tensile  tests  taken 
from  the  forging  in  question  after  quenching  at  800°  C.  in  water  and 
tempering  at  575°  C.  and  650°  C,  respectively.  The  bottom  row  was 
taken  from  material  tempered  at  575°  C.  and  the  top  row  from 
material  tempered  at  650°  C. 


'  ici"*'.i\?*-«^',*--a?i"--^Ji"--3?-  -■£■■  -;'i-  .'■:•'-  .'■:•'-  -'■.''-  ••£;■-  - 
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Mean  results. 


Specimen. 

Foot-pounds 
absorbed. 

k     

Elongation 
(per  cent). 

Contraction 

of  area 
(per  cent). 

Drawn  at  576°  C... 
Drawnat660°G... 

77.67 
169.1 

7.6 
16.6 

11.3 
41.6 

(Plate  18.) 

Summary  of  tests  of  forging  No.  I  after  quenching  in  water  from  800°  C,  drawing  four 

hours  at  575°  C.  and  two  hours  at  650°  C. 


Nature  of  test. 

Description  of 
specimen. 

Elastic 
limit 

(pounds 
per 

square 

inch). 

Yield 

point 

(pounds 

per 
square 
inch). 

Tensile 

strength 

(pounds 

per  . 

square 

inch). 

Elon- 
gation 
(per 
cent). 

Con- 
trac- 
tion 
(per 
cent). 

1 

Foot-  j 
pounds 

ab- 
sorbed. 

Static  tensile;  mean 
of  3  teats. 

Do 

0.506  inch  diameter, 
longitudinal. 

0.506  inch   diameter, 
transverse. 

Bars  taken  in  longi- 
tudinal direction. 

Bars  taken  In  trans- 
verse direction. 

0.237  Inch  diameter, 
longitudinal. 

0.237  inch  diameter, 
transverse. 

0.237  inch  diameter  at 
bottom  of  notch,  lon- 
gitudinal. 

"D.237   inch    diameter 
at  bottom  of  notch, 
transverse. 

93,000 
92,000 

96,333 
94,666 

120,833 
119,500 

20.6 
16.6 

54.6 
34.0 

11.04 

4.57 
175.2 
169.1 
14.91 

7.64 

Charpy  notched  bar 
transverse        test; 
mean  of  4  tests. 
,Do 

Charpy  tensile  test; 
mean  of  3  tests. 
Do 

17.5 
16.5 

57.5 
41.6 

Charpy  notched  bar 
tensile  test;  mean  of 
3  tests. 
Do 

f 

The  microstructure  of  forging  No.  1  after  the  650°  C.  tempering 
operation  was  distinctly  sorbitic  A  comparison  of  this  micro- 
structure  with  that  of  tne  forging  as  received  showed  very  clearly 
that  decided  improvement  was  Drought  about  by  the  higher  drawing 
temperature. 

On  page  239  the  results  of  the  tests  taken  in  the  longitudinal  direc- 
tion are  shown  graphically.  Values  obtained  for  a  particular  test 
are  represented  oy  the  ordinates.  Three  series  of  tests  are  shown : 
(1)  Longitudinal  tests  on  forging  No.  1  as  received  from  service 
marked  ©•  (2)  longitudinal  tests  on  forging  No.  1  after  treatment 
consisting  in  water  quenching;  from  800°  C,  followed  by  tempering 
at  575°  C.  for  four  hours,  marked  03 ;  (3)  longitudinal  tests  on  forging 
No.  1  after  retreatment  consisting  of  water  quenching  from  800°  C, 
followed  by  tempering  at  575°  C.  for  four  hours  and  two  hours  at  650° 

C,  marked  A- 

Under  present  methods  of  purchasing  material  now  in  vogue  only 
the  first  five  determinations  are  generally  specified,  namely,  elastic 
limit,,  yield  point,  tensile  strength,  elongation,  and  contraction. 
Experience  indicates  that  a  low  figure  for  the  Charpy  notched  bar 
transverse  test  indicates  brittleness  under  suddenly  applied  stresses. 
The  problem  thus  resolves  itself  into  one  of  raising  the  "Charpy 
strength"  by  controlling  one  or  all  of  the  first  five  aualities.  It  is 
evident  from  the  graph  that  lowering  the  elastic  limit  by  some 
10,000  pounds  by  proper  tempering  after  quenching  has  been 
associated  with  a  great  increase  in  the  "Charpy  strength.1'  (See 
pi.  19.) 
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To  summarize,  the  material  with  a  lower  elastic  limit,  lower  tensile 
strength,  slightly  higher  ductility,  and  lower  Brinell  hardness  has  a 
much  higher  shock  strength  as  determined  by  the  Charpy  notched  bar 
specimen,  either  tensile  or  transverse. 

These  slight  variations  in  the  ordinary  static  tensile  properties  as 
determined  on  longitudinal  specimens  do  not  properly  account  for 
the  great  differences  present  in  shock  strength  as  determined  by  the 
notched  specimens.  The  above  statement  has  been  verified  by  many 
observations,  and  it  can  be  very  definitely  stated  that  no  definite  rela- 
tion can  be  observed  between  the  results  of  the  Charpy  test  on  notched 
bars  and  the  results  obtained  in  the  static  tensile  tests  on  bars  taken 
in  a  longitudinal  direction. 

Attention  is  invited  to  a  graph  similar  to  that  shown  on  plate  20. 
The  results  of  a  similar  series  of  tests  are  shown  with  the  exception 
that  all  specimens  were  taken  at  right  angles  to  the  principal  axis  of 
the  forging  or,  in  other  words,  were  transverse  specimens.  An  inspeo 
tion  of  this  graph  will  show  that  the  only  consistent  relation  between 
any  of  the  Charpy  tests  and  the  ordinary  static  properties  lies  between 
ductility  and  the  shock  strength.  Again  referring  to  the  tests  taken 
in  a  longitudinal  direction,  a  lower  elastic  limit  or  yield  point  seemed 
to  bring  about  a  higher  shock  resistance.  It  seems  reasonable  to  pre- 
sume that  this  relation  is  indirect  only.  A  lower  elastic  limit,  as  deter- 
mined in  a  static  tensile  specimen,  if  brought  about  by  longer  or  more 
complete  tempering,  will  result  also  in  more  ductility  m  the  transverse 
direction.  It  is  the  ductility  in  the  transverse  direction  which  is 
intimately  associated  with  the  shock  strength  in  the  longitudinal 
direction  if  any  change  of  section  is  encountered,  which  was  the  case 
in  the  forgings  under  discussion. 

As  pointed  out  in  a  previous  portion  of  this  paper,  it  is  very  difficult 
to  distinguish  between  nicked  and  unnicked  service.  As  an  illustra- 
tion of  this  point  a  number  of  tests  are  shown  which  were  taken  from  a 
forging  which  failed  in  service  when  subjected  to  only  a  very  low  stress. 
The  forging  in  question  did  not  have  any  abrupt  section  changes 
similar  to  those  in  the  forgings  previously  described.  All  changes  of 
sections  were  well  relieved  by  fillets  and  no  sharp  notches  or  nicks  were 
present.  The  test  and  some  remarks  concerning  this  forging  will  now 
be  given. 

Jour  static  tensile  specimens  were  taken,  three  in  the  transverse 
direction  and  marked  respectively  1,  2,  and  3,  and  one  in  the  longi- 
tudinal direction  marked  66.  The  results  are  tabulated  below.  The 
Brinell  hardness  was  taken  on  the  end  of  the  broken  tensile  specimen. 


Marks. 

Elastic  limit 

(pounds  per 

square  inch). 

Tensile 

strength 

(pounds  per 

square  inch). 

Elongation 
in  2  inches 
(per  cent). 

Contrac- 
tion 
(per  cent). 

Brinell 

hardness 

No. 

1 
2 
3 

66 

'  45,000 
45,000 
42,000 
60,000 

62,500 
69,500 
61,500 
93,333 

1.5 

1.6 

1.0 

25.0 

1.8 

l.S 

1.8 

65.0 

179 
187 
183 
179 

/ 


*as*4«ce. 
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P  It  is  to  be  noted  that  for  the  transverse  tensile  specimens  the  elastic 
limit  is  45,000  pounds  per  square  inch  for  specimens  1  and  2,  and 
42,000  pounds  for  specimen  3,  and* for  the  specimens  taken  in  the 
longitudinal  direction  the  elastic  limit  was  60,000  pounds  per  square 
inch. 

It  is  to  be  further  noted  that  great  discrepancies  exist  between  the 
tensile  strength  of  the  tensile  specimens  taken  in  the  transverse  direc- 
tion and  the  tensile  specimens  taken  in  the  longitudinal  direction. 
Furthermore,  the  tensile  specimens  taken  in  the  transverse  direction 
show  practically  no  ductility,  while  the  longitudinal  specimen  showed 
very  good  elongation  and  contraction  and  passed  all  the  requirements 
under  which  the  material  was  purchased,  namely,  elastic  limit  53,000 
pounds  per  square  inch,  tensile  strength  93,000  pounds  per  square 
mch,  18  per  cent  elongation  after  rupture,  30  per  cent  contraction 
of  area.  Here  again  is  a  definite  illustration  of  the  fact  that  our 
present  system  of  testing  and  the  manner  of  taking  test  is  not  adequate 
to  insure  uniformly  satisfactory  material  when  the  service  stresses  do 
not  occur  in  a  longitudinal  direction. 

Four  notched  bar  transverse  Charpy  tests  were  taken  from  the 
forging  and  the  results  are  shown  below.  These  specimens  were  cut 
out  in  the  longitudinal  direction  and  gave  the  following  results: 


Foot-pounds 
absorbed. 


1.70 
1.25 
1.16 
1.25 


i  1.31 


1  Mean. 


The  Charpy  qualities  of  this  material  are  approximately  equal  to 
those  which  are  obtained  on  a  good  grade  of  gray  iron.  If  tensile 
specimens  taken  in  the  longitudinal  direction  only  had  been  tested, 
no  apparent  relation  would  have  existed  between  tne  very  low  Charpy 
strength  and  the  static  properties,  namely,  elastic  limit,  tensile 
strength,  elongation,  and  contraction.  The  static  properties  obtained 
from  the  specimens  taken  in  the  transverse  direction  are  sufficient  in 
themselves  to  warrant  the  rejection  of  the  piece. 

As  all  of  the  forgings  discussed  above  have  suffered  from  very  low 
duQtilitv  when  static  tensile  tests  were  taken  in  the  transverse  direc- 
tion, while  at  the  same  time  the  Charpy  test  has  been  low,  it  will 
doubtless  occur  to  many  that  the  low  Charpy  test  is  an  indication  of 
poor  ductility  in  some  plane  of  the  forging.  This  assumption  is  fur- 
ther supported  by  the  fact  that  a  great  many  other  forgings  examined 
have  given  results  very  similar  to  those  described  in  this  paper.  A 
more  detailed  discussion  of  this  point,  together  with  some  data  on  the 
rate  of  stress  application  and  its  influence  on  notched  specimens  will 
be  reserved  for  another  discussion  on  this  subject. 


INVESTIGATION  OF  QUENCHING  OILS. 

OBJECT. 

The  object  of  this  investigation  was  to  determine  the  characteristics 
of  various  quenching  mediums. 

CONCLUSIONS. 

Between  temperature  ranges  of  approximately  20  to  30°  C,  whale 
oil  No.  2  is  found  to  impart  the  greatest  degree  of  hardness  to  steel 
of  a  given  composition.  Its  hardening  power  is  greatly  diminished 
by  increasing  the  temperature  of  the  oil.  Cottonseed  oil  is  found  to 
give  the  most  satisfactory  results,  since  its  breaking  point  or  point  at 
which  it  rapidly  loses  its  ability  to  impart  hardness  was  well  above 
100°  C.  Tnis  is  considered  one  of  the  best  features  of  this  oil  when 
used  as  a  quenching  medium,  as  even  a  very  poor  cooling  system  will 
insure  that  the  temperature  of  the  bath  will  remain  below  100°  C. 

Whale  oil  No.  1,  such  as  was  formerly  used  in  the  shell-treating 
plant,  was  apparently  subject  to  serious  decomposition  after  con- 
tinued usage.  This  decomposition  seriously  impaired  its  hardening 
power  and  at  the  same  time  greatly  increased  the  viscosity.  The 
decomposition  referred  to  above  is  being  studied  in  the  chemical 
laboratory  and  the  results  will  be  reported  at  a  later  date. 

The  mmeral  oil  employed  in  this  experiment  was  a  high-grade 
engine  oil.  This  oil  imparted  the  least  degree  of  hardness  of  any  of 
the  mediums  examined.  A  special  mineral  oil  is  now  being  procured 
and  the  results  on  this  will  fee  made  as  part  of  a  second  report  on 
quenching  oils. 

The  group  of  oils  investigated  was  so  selected  as  to  represent  the 
various  types,  namely,  animal,  mineral,  and  vegetable.  Both  animal 
and  vegetable  oils  are  saponifiable;  also  there  is  a  very  slight  amount 
of  saponifiable  matter  in  the  mineral  oil.  Furthermore,  mineral  oil 
is  susceptible  to  cracking,  and  this  decomposition  will  result  in  the 
formation  of  compounds  having  a  low  flasn  point.  In  other  words, 
the  quenching  of  not  steel  in  a  mineral-oil  bath  is  a  reproduction  of 
the  "Rittman  process."  Furthermore,  it  is  said  that  the  cracking  of 
the  oil  produced  by  quenching  will  ultimately  produce  a  bath  which 
is  very  dangerous,  as  its  flash  point  is  apt  to  become  exceedingly  low, 
and  disastrous  fires  result.  Just  what  dangers  are  to  be  expected 
from  the  cracking  referred  to  above  is  not  known,  but  experiments  to 
date  would  indicate  that  the  trouble  is  not  serious. 

It  has  been  observed  at  this  arsenal  that  whale  oil  deteriorates  and 
increases  in  viscosity  very  rapidly.  This  increase  in  viscosity  will 
soon  become  such  as  to  make  it  unfit  for  use  as  a  hardening  medium. 
It  has  been  the  practice  in  the  past  to  keep  the  viscosity  within  certain 
limits  by  the  addition  of  fresn  oil  at  stated  intervals.     No.  1  whale 
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oil  is  very  difficult  to  obtain  at  the  present  time,  and  as  a  result  it 
will  be  necessary  to  substitute  for  this  oil  a  less  expensive  but  equally 
as  effective  a  medium.  It  is  thought  that  cottonseed  oil,  although 
costing  more  than  compounded  oils,  will  give  the  most  satisfactory 
results.  Cottonseed  oil  is  also  very  stable,  although  it  is  quite  sus- 
ceptible to  saponification  by  a  strong  acid  or  strong  base.  Neither 
is  present  nor  is  produced  during  quenching,  and  as  it  is  not  decom- 
posed within  the  range  of  temperature  01  a  properly  constructed 
quenching  bath,  its  use  as  a  quenching  medium  can  be  strongly  rec- 
ommended from  a  theoretical  viewpoint.  The  scarcity  and  high  cost 
of  cottonseed  oil  at  the  present  time  makes  its  substitution  for  whale 
oil  practically  impossible,  and  for  that  reason  this  investigation  is 
being  continued  along  such  lines  as  will  allow  the  preparation  of  suit- 
able specifications  for  the  procurement  of  a  suitable  mineral  oil  for 
quenching  purposes.  It  has  also  been  found  possible  in  the  course 
of  some  of  this  work  to  so  adjust  a  quenching  medium  that  almost 
any  rate  of  cooling  can  be  obtained  lying  between  that  given  by  cot- 
tonseed oil  and  that  given  by  water.  This  is  brought  about  by  the 
addition  of  various  amounts  of  water  or  oil  to  a  soluble  cutting  com- 
pound. Although  there  is  no  apparent  practical  use  for  this  at  the 
present  time,  there  s  Jill  exists  the  possibility  that  some  such  a  medium 
might  be  very  useful. 

EXPERIMENTAL. 

The  following  quenching  mediums  were  studied  in  this  investigation : 
Whale  oil  No.  1,  which  had  been  in  use  in  the  hardening  plant. 
Whale  oil  No.  2. 
Refined  cottonseed  oil.    • 
Mineral  oil. 

Soluble  cutting  oil  (compound  mixed  with  water  in  the  following 
proportion:  50  per  cent  water,  50  per  cent  compound). 
Water. 
Air. 

The  following;  properties  were  determined : 
First.  Quenching  power. 
Second.  Specific  heat. 
Third.  Specific  gravity. 
Fourth.  Viscosity. 
Fifth.  Hardening  power. 

1.  Quenching  Power. 

For  the  quenching  test  the  folding  arrangement  and  apparatus 
were  used:  A  piece  of  plain  carbon  (0.50  per  cent  carbon)  steel  was 
obtained  6  inches  in  length  and  3  inches  in  diameter.  A  hole  was 
drilled  in  the  center  of  this  block  to  a  depth  of  3^  inches.  During  the 
course  of  the  preliminary  experiments  it  was  found  that  immediately 
after  quenching  the  piece  the  temperature  suffered  an  apparent 
increase.  In  the  first  experiments  the  couple  was  packed  into  the 
hole  with  fiber  asbestos.  Upon  quenching,  the  combustion  of  the  oil 
around  the  packing  apparently  raised  the  temperature.  In  order  to 
avoid  this  difficulty  the  hole  for  the  thermocouple  was  tapped  to 
receive  a  pipe,  which  was  very  securely  screwed  into  the  piece.  The 
couple  was  then  passed  through  the  pipe  and  into  the  piece  of  steel. 
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After  this  slight  change  was  made,  no  difficulty  was  encountered  in 
following  the  temperature  of  the  interior  of  the  block.  The  tempera- 
ture was  recorded  by  means  of  a  portable  potentiometer  having  a 
specially  calibrated  scale  reading  directly  to  10°  intervals.  A  base 
metal  couple  was  employed.  Both  couple  and  potentiometer  were 
carefully  checked  at  regular  intervals  throughout  the  course  of  the 
experiment.  The  specimen  referred  to  above,  including  the  couple, 
was  heated  in  a  vertical  electric  resistance  furnace.  The  steel  and 
couple  with  the  protecting  pipe  were  suspended  in  the  furnace  by 
means  of  an  overhead  pulley,  so  that  the  piece  could  easily  be  taken 
from  the  furnace  and  transferred  to  the  quenching  medium.  The 
specimen  was  always  immersed  to  the  same  depth  in  the  quenching 
tank.  Ten  gallons  of  quenching  medium  was  used  in  all  experiments, 
the  cylindrical  quenching  tank  being  surrounded  by  water  for  pur- 
poses of  cooling.  No  mechanical  circulation  was  provided.  Two 
quenching  temperatures  were  used,  namely,  800°  and  900°  C.  Three 
cooling  curves  were  taken  from  each  temperature  for  each  of  the 
mediums  employed,  the  temperature  of  the  oil  being  taken  before 
and  after  quenching.  After  each  quenching  operation  the  oil  was 
cooled  to  atmospheric  temperature.  In  order  to  simplify  a  study  of 
the  results,  a  general  curve  only  is  plotted  for  each  medium.  This 
general  curve  is  derived  by  obtaining  the  average  ordinate  from  the 
three  experimental  curves. 

The  experiment,  in  brief,  consisted  of  heating  a  specimen  in  the 
vertical  electric  furnace  to  the  desired  temperature,  holding  the  piece 
at  this  temperature  for  one  hour  so  as  to  insure  perfect  uniformity. 
It  was  then  immersed  in  the  quenching  medium  immediately  after 
removal  from  the  furnace.  The  time  required  to  cool  each  10  inter- 
val was  determined  by  means  of  the  chronograph.  This  was  possible 
with  all  the  mediums  excepting  water,  with  which  it  was  necessary  to 
use  a  20°  interval.  The  general  curves  thus  obtained  are  shown  on 
the  following  pages.  The  first  curves  to  be  considered  are  those  ob- 
tained by  the  use  of  a  mineral  oil  as  the  quenching  medium.  The 
critical  point  occurs  in  the  vicinity  of  680°.  Its  location  is  quite 
plainly  marked  in  the  curves  obtained  from  both  800°  and  900°.  One 
of  the  characteristics  of  this  oil  is  the  gradual  change  of  the  slope  of 
the  curve  below  the  critical  point.  This  should  be  especially  noted, 
as  it  is  quite  distinct  from  the  behavior  of  some  of  the  other  mediums. 

The  next  series  of  curves,  pages  250  and  251,  are  those  obtained 
from  quenching  in  cottonseed  ofl  from  800°  and  900°  C,  respectively. 
Again  the  critical  point  is  quite  well  marked,  occurring  in  the  vicinity 
ot680°  C.  It  is  to  be  noted  that  the  rate  of  cooling  below  the  critical 
range  with  cottonseed  oil  is  much  more  rapid  than  the  rate  of  cooling 
of  mineral  oil.  As  a  concrete  illustration  of  this,  at  400°  C.  the  rela- 
tive rates  are  as  17  to  9,  or,  in  other  words,  the  cottonseed  oil  is  cool- 
ing a  given  mass  of  steel  at  this  temperature  approximately  twice  as 
fast  as  the  mineral  oil. 

It  is  maintained  by  many  at  the  present  time  that  the  effectiveness 
of  a  quenching  medium  is  aue  to  its  ability  to  lower  the  critical  point 
by  rapid  cooling,  or,  in  other  words,  it  is  the  cooling  which  is  done  on 
the  piece  before  it  has  passed  through  the  critical  range  rather  than 
after  it  has  passed  through  the  critical  range  which  determines  the 
effectiveness  of  any  quenching  material.    This  is  not  strictly  in  ac- 
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cordance  with  the  facts  observed  in  this  experiment  which  indicate 
that  the  effectiveness  of  a  quenching  medium  depends  very  largely 
upon  the  prevention  of  subsequent  tempering  after  the  material  nas 
passed  through  the  critical  range,  or,  stated  in  other  words,  the  rate 
of  cooling  below  the  critical  range  is  equally  as  important  as  the  rate 
of  cooling  above  the  critical  range.  As  an  example  of  this,  the  case 
of  mineral  and  cottonseed  oil  can  be  cited.  The  critical  range  was 
passed  through  at  the  same  temperature  with  both  of  these  oils.  The 
transformation  point  was  not  lowered  by  the  lighter  cottonseed  oil. 
The  rate  of  cooling  after  the  material  had  passed  through  the  critical 
range  was,  however,  very  much  faster  with  cottonseed  oil  than  it  was 
with  the  mineral  oil  As  a  result,  much  less  tempering  on  cooling 
down  took  place  with  the  cottonseed  oil,  and  as  a  result  greater 
hardness  was  obtained. 

The  next  series  of  curves,  shown  on  pages  252  and  253,  were  taken 
with  whale  oil  No.  2  as  the  quenching  medium.  These  curves  resemble 
very  closely  those  obtained  from  cottonseed  oil.  The  change  of  slope 
after  passing  through  the  critical  ranee  apparently  occurs  at  a  lower 
temperature  with  whale  oil  No.  2  than  with  cottonseed  oil.  The 
curves  obtained  from  whale  oil  No.  1  are  shown  on  pages  254  and  255. 

The  curves  for  the  compound  are  shown  on  pages  256  and  257,  and 
those  for  water  on  pagqs  258  and  259.  The  curve  obtained  on  air 
chilling  the  specimen  is  shown  on  page  260.  This  curve  is  plotted  on 
the  same  scale  as  the  other  curves. 

2.  Specific  Heat. 

The  specific  heat  of  the  quenching  mediums  was  determined  for  all 
the  oils  but  the  soluble  cutting  compound.  This  was  omitted  as  its 
specific  heat  can  be  varied  very  widely,  depending  upon  the  per- 
centage of  water  which  is  added.  The  apparatus  employed  was  very 
crude,  but  it  answered  sufficiently  well  for  the  purpose.  It  consisted 
of  a  Siemen's  water  pyrometer.  A  copper  lug  was  heated  to  830°  C. 
and  immersed  in-the  quenching  medium,  the  rise  in  temperature  being 
observed.  This  was  repeated  on  the  same  volume  of  water.  In  these 
experiments  a  constant  volume  of  500  cubic  centimeters  was  used 
throughout.  With  water  established  as  unity,  the  following  results 
were  obtained: 

Cottonseed  oil 0.51562 

Mineral  oil ' 50000 

Whale  oil  No.  1 54090 

Whale  oil  No.  2 61111 

3.  Specific  Gravity. 

The  following  are  the  results  of  specific  gravity  determinations  of 
the  various  quenching  mediums  by  means  of  a  hydrometer: 

C.  O.  8. 

units. 

Cottonseed  oil 0. 9241 

Mineral  oil 8734 

Whale  oil  No.  1 9511 

Whale  oil  No.  2 9223 
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4.  Viscosity. 

The  viscosity  of  the  oils  was  determined  at  10°  C.  intervals  from 
atmospheric  temperature  to  approximately  100°  C.  The  determina- 
tions were  made  on  a  Saybolt  viscosimeter.  The  results  are  plotted 
in  the  form  of  a  graph  and  are  shown  on  page  261.  An  inspection  of 
these  results  show  that  whale  oil  No.  1  is  by  far  the  most  viscous 
material  examined,  whereas  the  soluble  cutting  oil  is  the  least  viscous. 
It  is  to  be  noted,  however,  that  the  viscosity  of  the  soluble  cutting  oil 
increases  in  the  vieinity  of  100°  C.  Cottonseed  oil,  mineral  oil,  and 
whale  oil  No.  2  have  practically  the  same  viscosity,  and  furthermore, 
their  change  in  viscosity  with  temperature  is  practically  identical. 

5.  Hardness  Determinations. 

For  determining  the  actual  hardening  power  of  the  various  oils, 
the  following  experiment  was  carried  out:  Small  pieces  of  nickel- 
chrome  steel  were  used  having  uniform  dimensions,  1  inch  in  diame- 
ter by  1J  inches  in  length.  These  pieces^were  quenched  in  the  various 
oils  at  a  specified  depth  of  immersion.  The  pieces  were  all  heated  to 
800°  C,  soaked  at  this  temperature  one  hour,  and  immersed  in  the 
oil.  They  were  left  in  the  ou  until  they  attained  the  temperature  of 
the  bath.  After  treatment  they  were  cut  in  two  and  Brinell  hard- 
ness taken  on  the  inner  face. 

For  determining  the  effect  of  temperature  of  the  oil  upon  the 
resulting  hardness  the  temperature  of  the  bath  was  increased  by 
approximately  20°  C.  intervals  from  atmospheric  temperature  to 
about  160°  C.,  a  specimen  being  quenched  at  each  predetermined 
temperature  of  batn.  The  hardness  imparted  by  the  different  oils  at 
different  bath  temperatures  is  plotted  on  a  curve  shown  on  page  262. 
An  inspection  of  this  curve  will  show  that  whale  oil  No.  1  gave  in- 
creased hardness  as  the  bath  temperature  was  raised  to  approxi-* 
mately  60°  C;  further  increases  gave  decreasing  hardness.  Whale  oil 
No.  2  rapidly  loses  its  effectiveness  after  the  bath  temperature  has 
exceeded  80  C.  Mineral  oil  first  increases  in  effectiveness  but  rap- 
idly loses  after  the  bath  temperature  reaches  75°  C.  Cottonseed  oil 
gave  uniform  hardness  from  atmospheric  temperature  to  approxi- 
mately 100°  C.  This  was  one  of  the  most  striking  features  observed 
in  the  behavior  of  this  oil.  This  feature  alone  should  highly  recom- 
mend this  material  as  a  quenching  medium.  A  slight  irregularity 
in  bath  temperature  will  have  practically  no  effect  upon  the  results. 
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A  STUDY  OF  QUENCHIHG  MEDIA. 

OBJECT. 

The  object  of  this  investigation  was  to  study  the  relative  rate  of 
cooling  ox  a  number  of  selected  quenching  media.  The  media  cov- 
ered in  this  report  are  as  follows: 

(1)  Water. 

(2)  Soluble  quenching  oil. 

(3)  Soap  solution  (15  per  cent). 

(4)  Mineral  oil. 

(5)  Whale  oil. 

GENERAL  REMARKS. 

In  studying  the  relative  rate  of  cooling  of  the  several  media  em- 
ployed it  was  considered  advisable  to  select  certain  temperature 
ranges  for  convenience  in  comparison.  The  rate  of  cooling  Detween 
the  range  800°  and  600°  C.  is  considered  in  this  report  as  the  rate 
of  cooling  through  the  critical  range.  This  may  be  open  to  verv 
serious  objections,  the  principal  one  being  that  the  reactions  whicn 
take  place  in  passing  through  the  critical  point  in  cooling  are  not 
completed  in  this  temperature  zone.  The  hardness  brought  about 
by  quenching  is  commonly  explained  as  being  due  to  the  retention 
of  transition  constituents.  Granting  that  hardness  is  brought  about 
in  this  manner,  in  order  that  the  material  quenched  should  retain  its 
hardness  at  atmospheric  temperature  it  is  necessary  that  the  transi- 
tion constituents  formed  in  clenching  be  retained.  The  explanation 
of  the  retention  of  hardening  constituents  on  quenching  is  often 
based  on  the  statement  that  the  critical  point  is  lowered  by  rapid 
cooling.  There  is  certain  very  good  evidence  which  indicates  that 
the  final  hardness  of  the  quenched  piece  is  regulated  not  only  by  the 
rate  of  cooling  through  the  critical  range  but  also  bj  the  rate  of  cool- 
ing after  the  material  has  passed  through  the  critical  range.  In 
other  words,  a  quenching  bath  composed  of  some  imaginary  medium 
might  cool  the  steel  exceedingly  rapidly  through  the  critical  range, 
but  aflfter  this  point  was  exceeded  the  rate  of  cooling  might  be  very 
slow.  Such  being  the  case,  although  the  transition  constituents 
might  be  retained  in  passing  through  the  critical  range,  they  would 
be  tempered  and  reduced  to  lower  transition  constituents  by  the 
slow  cooling  subsequent  to  passing  through  the  range. 

For  convenience  in  comparison,  the  range  600°  to  400°  C.  has  been 
considered  in  this  report  as  the  tempering  zone.  Another  fact  which 
seems  quite  well  established  is  that  the  cracking  of  a  piece  of  steel 
during  the  quenching  operation  takes  place  in  the  lower  tempera- 
ture ranges.  Distortion  might  be  brought  about  bv  a  too  rapid  cool- 
ing through  the  critical  range,  but  a  piece  of  uniform  section  could 
only  be  cracked  or  checked  by  rapid  cooling  in  a  zone  where  the  steel 
is  no  longer  plastic.    For  this  reason  the  temperature  range  400°- 
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200°  has  been  considered  in  this  report  as  the  dangerous  or  "crack- 
ing" zone.  Although  rapid  cooling  below  200°  C.  is  exceedingly 
dangerous,  it  is  very  improbable  in  practice  that  a  forging  would  be 
left  in  the  quenching  medium  below  this  temperature. 

Having,  therefore,  established  three  zones,  the  limits  of  which  will 
vary  with  the  composition  and  steel  employed,  it  is  only  necessary  to 
compare  the  rate  of  cooling  in  these  three  zones  in  order  to  arrive  at 
the  relation  between  any  group  of  quenching  media. 

CONCLUSIONS. 

Some  of  the  data  obtained  in  this  investigation  have  been  summarized 
on  a  diagram  on  the  following  page.  The  abscissa  represent  the 
initial  temperature  of  the  quenching  bath,  whereas  the  total  time  to 
pass  through  any  given  range  is  represented  on  the  ordinates  of  the 
curves.  An  examination  of  the  various  curves  enables  the  statement 
of  several  well-defined  conclusions.  Water,  with  an  initial  bath  tem- 
perature of  40°  C,  is  a  very  effective  medium  in  cooling  through  the 
quenching  zone.  The  rate  of  cooling  of  the  same  medium  m  the 
tempering  zone  is  much  more  rapid  than  in  the  "hardening"  zone. 
The  rate  of  cooling  in  the  ranges  400-300  and  300-200  is  also  very 
rapid,  and  it  is  believed  that  study  of  this  curve-  with  particular 
reference  to  the  rate  of  cooling  in  the  last  two  mentioned  zones  will 
explain  the  great  liability  of  cracking  when  water  is  used  as  a  quench- 
ing medium,. if  the  piece  is  allowed  to  remain  in  the  quenching  bath 
until  cold.  Very  little  tempering  can  take  place  below  400°  C.,  and 
the  sooner  the  piece  is  removed  from  the  bath  after  having  reached 
this  temperature,  the  less  will  be  the  danger  from  cracking. 

It  is  oi  particular  interest  to  note  that  when  the  initial  temperature 
of  the  water  bath  was  80°  C,  the  rate  of  cooling  through  the  "  harden- 
ing" zone  was  much  slower  than  that  which  existed  for  any  of  the 
oils  examined.  This,  however;  does  not  apply  in  the  tempering  and 
dangerous  zones.  In  other  words,  hot  water  as  a  quenching  medium 
gives  a  very  queer  condition  of  slow  cooling  through  the  critical  range, 
followed  by  rapid  cooling  in  passing  through  this  range.  This  is  a 
most  undesirable  condition  and  it  is  believed  that  the  use  of  hot 
water  as  a  quenching  medium  should  in  all  cases  be  avoided.  It  is 
not  believed  that  too  much  emphasis  can  be  placed  upon  this  point, 
and  it  is  believed  that  some  manufacturers  are  finding  themselves  in 
trouble  due  to  this  cause.  To  recapitulate  this  statement,  hot  water 
as  a  quenching  medium  will  produce  very  slow  cooling  through  the 
critical  range,  followed  by  rapid  cooling  through  the  tempering  and 
dangerous  zones.  The  result  is  that  proper  hardening  never  takes 
place,  while  at  the  same  time  the  dangers  arising  from  cracking  are  in 
no  wise  lessened  by  the  use  of  hot  water. 

Turning  next  to  the  soluble  quenching  oil,  which  is  primarily  com- 
posed of  an  asphalt  base  oil,  it  is  to  be  noted  that  the  rate  of  cooling 
through  the  quenching  zone  slightly  increases  as  the  initial  temperature 
of  the  bath  increases..  The  rate  of  cooling  in  whale  oil  first  increases 
through  the  quenching  zone  as  the  temperature  of  the  bath  increases, 
but  as  the  bath  temperature  is  increased  the  rate  of  cooling  through 
this  zone  decreases.  This  point  has  been  covered  in  a  previous 
experimental  report. 
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The  mineral  oil  examined  behaves  in  the  quenching  zone  in  a  very 
similar  manner  to  the  soluble  quenching  oil.  The  soap  solution, 
although  giving  a  slower  rate  of  cooling  than  water  in  the  quenching 
zone,  is  also  subjected  to  the  serious  breakdown  and  great  decrease  in 
rate  of  cooling  as  the  temperature  of  the  quenching  bath  is  increased. 
It  is  also  interesting  to  note  that  the  soap  solution  undergoes  a  break- 
down in  the  tempering  zone,  whereas  pure  water  does  not. 
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Summary  of  ranges  checked. 


Initial 
tempera- 
ture 

(•a). 

Time  required  to  drop  from— 

Final 
tempera- 
ture 

CC). 

Rise  in 
tempera- 
ture 

CO- 

800°  to 
600*  C. 

600°  to 
400-C. 

400*  to 
300'C. 

300°  to 
200°  C. 

Soluble  oil 

28.0 
30.0 

Seconds. 
64.50 
70.75 

Seconds. 
06.25 
65.50 

Seconds. 
59.25 
59.26 

Seconds. 
97.50 
97.50 

56.0 
59.0 

28.0     | 

29.0     J 

Mean 

20.0 

67.63 
6.25 

65.87 
.75 

59.25 
.00 

97.50 
.00 

57.5 

Maximum  difference 

1 

.                                         , 

Soluble  oil 

58.0 
57.5 

63.50 
71.00 

67.00 
61.00 

62.25 
60.75 

112.50 

104.50 

• 

83.0 

84.0 

t 

25.0     . 

26.5 

If MUl                                   .... 

57.75 

67.75 
7.50 

64.00 
6.00 

61.50 
1.50 

108.50 
8.00 

Maximum  difference 

1 

\                    \ 

Soluble  oil 

86.0 
90.0 

50.00 
53.50 

50.75 
53.50 

59.00 
65.00 

111.00 
126.75 

110.0 
113.0 

24.0     * 

23.0 

Mmn 

88.0 

51.75 
3.50 

62.12 
2.75 

62.00 
6.00 

118.87 
15.75 

1 

Maximum  difference 

1 

1 

Water 

20.0 
26.0 

28.75 
28.25 

15.25 
15.00 

11.50 
11.00 

20.00 
18.00 

40.0 
40.0 

14.0 

14.0 

If Mn 

26.0 

28.50 
.50 

15.12 
.25 

11.25 
.60 

19.00 
2.00 

40.0 

I 

Maximum  difference. 

Water 

41. 0 
41.0 

28.75 
30.00 

14.75 
15.25 

11.50 
11.75 

19.25 
21.50 

55.0 
55.0 

14.0 
14.0 

Mean 

41.0 

29.40 
1.25 

15.00 
.50 

11.62 
.25 

20.37 
2.25 

55.0 

14.0    1 

Maximum  difference. 

1 

Water 

02.0 
91.5 

~  170.00" 
146.00 

26.75 
22.25 

14.25 
14.75 

26.25 
26.75 

99.0 
99.0 

7.0 
7.5 

Moan        

91.75 

158.00 
24.00 

24.50 
4.50 

14.50 
.50 

26.50 
.50 

• 

Maximum  difference 

Water 

80.0 
79.0 

82.00 
93.75 

18.00 
18.50 

10.75 
10.25 

17.75 
17.50 

91.5 
91.0 

11.5 

12.0 

Moan 

79.5 

87.87 
11.75 

18.25 
.50 

10.50 
.50 

17.62 
.25 

Maximum  dlff«r«npp 

Soap 

35.0 
35.0 

46.00 
47.75 

21.00 
19.50 

18.25 
15.00 

43.25 
34.50 

50.0 
49.0 

15.0 
14.0 

Mean 

35.0 

46.87 
1.75 

20.25 
1.50 

16.62 
3.25 

38.87 
8.75 

Maximum  difference. 

Soap 

56.0 
56.0 

46.25 
46.50 

23.75 
28.25 

21.00 
20.00 

47.75 
42.75 

69.0 
70.0 

13.0 
14.0 

Mean 

56.0 

46.36 
.25 

26.00 
4.50 

20.50 
1.00 

45.25 
6.00 

Maximum  diffflranen. 

Soap 

86.0 
86.0 

192.00 
199.50 

127.26 
112.75 

43.25 
40.00 

46.25 
48.25 

99.0 
98.0 

13.0 
12.0 

Mean 

86.0 

195.75 
7.50 

120.00 
14.50 

41.62 
3.25 

47.25 
2.00 

Maximum  difference. 

::::::::::! 



Mineral  oil 

26.5 
31.5 

74.50 
74.50 

66.00 
67.75 

59.00 
62.75 

97.75 
104.00 

53.5 
57.5 

27.0 
26.0 

Mean 

74.50 
.00 

66.87 
1.75 

60.87 
3.75 

100.87 
6.25 

1 

Maximum  difference. 

1 

Mineral  oil 

55.0 
53.5 

74.50 
75.00 

73.50 
72.75 

72.75 
70.00 

129.75 
122.75 

78.5 
77.5 

23.5    1 

24.0    ! 

Mean 

74.75 
.50 

73.12 
.75 

71.37 
2.75 

126.25 
7.00 

Maximum  difference- 
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Summary  of  ranges  checked—  Continued. 


Initial 
tempera- 
ture 
(°C). 

Time  required  to  drop  from— 

Final 
tempera- 
ture 
CC.). 

Rise  In 
tempera- 
ture 
(°C). 

800#to 
600°  C. 

600°  to 
400°  C. 

400°  to 
300°  C. 

300°  to 
200#C. 

Mineral  oil .... 

91.0 
90.0 

Seconds. 
66.25 
60.50 

Second*. 
70.00 
70.25 

Seconds. 
77.25 
76.75 

Seconds. 
153.25 
150.25 

111.0 
110.5 

20.0 
20.5 

Mean 

67.87 
3.25 

70.12 
.25 

77.00 
.50 

151.75 
3.00 

1       . 

Maximum  difference. 
Whftlfl  oil. , 

26.0 
29.5 

68.25 
64.75 

39.50 
37.50 

36.00 
37.50 

77.00  . 
93.25 

51.5 
54.5 

25.5 
25.0 

Mean 

• 

66.50 
3.50 

38.50 
2.00 

36.75 
1.50 

85.13 
16.25 

Maximum  difference. 
WTiak  oil  . 

55.5 
5ft.  0 

50.50 
54.00 

29.00 
35.00 

28.25 
35.25 

67.75 
91.25 

79.0 
79.5 

23.5 
23.5 

Mean .» 

52.25 
3.50 

32.00 
6.00 

31.75 
7.00 

79.50 
23.50 

Maximum  difference. 
Whale  oil 

90.0 
01.5 

66.25 
65.50 

42.25 
55.00 

48.50 
68.75 

137.50 
148.50 

110.5 
111.5 

20.5 
20.0 

Mean 

65.87 
.75 

48.62 
12.75 

58.62 
20.25 

143.00 
11.00 

Maximum  difference. 

Assuming  that  an  ideal  quenching  medium  is  one  which  gives  a 
very  rapid  rate  of  cooling  in  the  quenching  and  tempering  zones 
while  at  the  same  time  giving  a  slow  rate  of  cooling  in  the  danger 
zone,  it  is  evident  from  these  curves  that  water  does  not  meet  the 
ideal  conditions.  Water  falls  short  of  meeting  the  ideal  conditions 
in  giving  a  rapid  rate  of  cooling  in  the  danger  zones.  This  can  be 
overcome  by  withdrawing  the  piece  from  the  quenching  bath  at  the 
proper  temperature.  Soap  solutions  as  compared  to  water,  although 
giving  similar  rates  of  cooling  in  the  danger  zones,  do  not  give  as 
rapid  rates  of  cooling  in  the  quenching  and  tempering  zones.  It 
appears,  therefore,  that  improving  conditions  in  the  danger  zone 
has  produced  undesirable  features  in  the  quenching  and  tempering 
zones. 

Whale  oil  gives  a  more  rapid  rate  of  cooling  at  low  initial  bath 
temperatures  than  any  of  the  other  oils  examined  in  the  quenching 
and  tempering  zones.  It  is  open  to  the  serious  objection,  however, 
in  these  two  zones  of  giving  a  slower  rate  of  cooling  as  the  bath 
temperature  is  increased.  A  number  of  other  quenching  media 
have  been  examined  and  will  be  reported  on  at  a  later  date.  As 
stated  above,  the  ideal  quenching  medium  is  one  which  will  give  a 
rapid  rate  of  cooling  down  to  400°  C.  and  a  slow  rate  of  cooling 
from  that  point  on.  There  are  some  possibilities  in  soap  solutions, 
as  is  shown  by  the  experiments  herem  given.  These  possibilities 
are,  however,  limited  by  the  fact  that  changes  in  concentration 
which  will  give  slow  rates  of  cooling  in  the  danger  zones  also  give 
slow  rates  of  cooling  in  the  quenching  and  tempering  zones. 
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APPARATUS   AND  MATERIAL. 

Standard  test  specimens. — The  standard  test  specimens  employed 
in  obtaining  the  data  given  in  this  report  were  of  the  design  shown 
in  figure  1.     The  analysis  of  the  steel  employed  was  as  follows: 

Per  cent. 

Carbon ; 0.48(5 

Manganese. . '. 880 

Silicon 099 

Sul  phur 059 

PhosphoruF 014 

Pyrometer. — Inserted  in  the  test  bar  was  a  calibrated  base-metal 
thermocouple  which  was  used  for  temperature  measurements.  A 
similar  couple  was  placed  in  the  heating  furnace  so  that  the  heating 
portion  of  the  time  of  soaking  could  be  carefully  controlled.  An 
indicating  potentiometer  was  employed  for  reading  the  millivoltage 
of  the  couples. 

Quenching  tank. — The  quenching  tank  consisted  of  a  galvanized 
can  provided  with  an  asbestos  cover  and  stirring  device.  To  prevent 
heat  losses,  the  tank  was  insulated  with  asbestos  pulp  6  inches 
thick.  It  was  not  desired  to  provide  for  any  cooling  facilities  in 
this  investigation.  In  other  words,  to -obtain  comparable  results 
two  courses  were  available:  The  first  was  to  use  a  circulating  system 
of  such  construction  that  the  bath  temperature  would  not  change 
throughout  the  course  of  the  experiment.  The  other  alternative  was 
to  entirely  avoid  any  cooling  of  the  medium  during  the  course  of 
the  experiment.  Any  standard  condition  between  these  two  extremes 
would  have  been  very  difficult  to  obtain.  The  entire  apparatus  is 
shown  in  photographs  No.  1  and  No.  2,  pages  268-1  and  268-2, 
whereas  the  dimensions  of  the  various  parts  of  the  apparatus  are 
given  in  figures  1  and  2,  page  269. 

Procedure. — The  test  bar  was  heated  in  an  electric  furnace,  obser- 
vations being  taken  of  both  the  furnace  and  test  bar.  The  test 
bar  was  heated  to  820°-825°  C.  and  held  for  one-half  hour.  The 
furnace  was  maintained  constant  during  this  soaking  period,  the 
maximum  difference  between  the  test  bar,  couple,  and  furnace 
couple  not  being  allowed  to  vary  more  than  5°  C. 

Alter  the  soaring  period  of  one-half  hour,  the  test  bar  was  removed 
from  the  furnace  and  immediately  immersed  in  the  quenching 
medium.  The  depth  of  immersion  and  location  in  the  tank  were 
maintained  constant  throughout  the  several  experiments.  The 
stirring  apparatus  was  immediately  started  after  the  piece  was 
immersed.  Two  thermometers,  one  at  the  top  and  one  at  the  bottom 
of  the  liquid,  were  used  in  taking  temperature  observations  of  the 
quenching  medium.  Temperature  observations  were  taken  by  means 
of  the  couple  and  indicator  mentioned  above,  and  a  chronograph 
was  employed  for  recording  the  time  required  to  cool  each  50° 
interval.  After  each  experiment  the  scale  was  completely  removed 
from  the  test  bar  and  any  test  bar  which  had  lost  1  per  cent  in 
weight  was  immediately  discarded.  The  surface  area  of  the  test 
bar  was  69£  square  inches  and  its  weight  11.25  pounds.  The  data 
obtained  are  recorded  in  tabular  form  on  the  following  pages. 
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EXPERIMENTAL.  ~ 

Soluble  Quenching  Oil. 

In  the  following  experiments  the  standard  bar  was  held  at  820°- 
825°  C.  for  one-half  hour  and  then  quenched.  Time  was  taken  from 
800°  C.  on  down  to  120°  C. 

EXPERIMENT  NO.  1. 
[Initial  bath  temperature,  28°  C;  final  bath  temperature,  56°  C;  rise  In  temperature,  28*  C.J 


Temperature,  in  *C. 

Time  required 
for  cooling, 
in  seconds. 

Time  re- 
quired from 
800°  to  600* 
C.  seconds. 

Time  re- 
quired from 
000*  to  400° 
C.  seconds. 

From— 

To— 

800 
700 
600 
500 

400 
300 
200 

700 
000 
500 

400 
300 
200 
120 

40.25 
24.25 
24.75 
41.50 
59.25 
97.50 
100.25 

}       04.50 

|       66.25 

EXPERIMENT  NO.  2. 
[Initial  bath  temperature,  30*  C;  final  bath  temperature,  50*  C;  rise  in  temperature,  20*  C.) 


800 
700 
600 
500 
400 
300 
200 

700 
GOO 
500 
400 
300 
200 
120 

39.75 
31.00 
24.50 
41.00 
59.25 
97.50 
177.25 

}         70.75 

} 

65.50 

l 

EXPERIMENT  NO.  3. 
(Initial  bath  temperature,  58°  C;  final  bath  temperature,  83°  C;  rise  in  temperature,  25*  C] 


800 
700 
600 
500 
400 
300 
200 

700 
600 
500 
400 
300 
200 
120 

36.75 
26.75 
24.00 
43.00 
62.25 
112.50 
256.00 

|       63.50 

} 

67.00 

EXPERIMENT  NO.  4. 
(Initial  bath  temperature,  57.5*  C;  final  bath  temperature,  84*  C;  rise  in  temperature,26.5*  C] 


800 
700 
600 
500 

400 
300 
200 

700 
000 
500 
400 
300 
200 
120 

33.50 
37.60 
22.25 
38.75 
60.75 
104.50 
226.00 

}       71.00 

} 

61.00 

— 
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Soluble  Quenching  Oil— Continued. 

EXPERIMENT  NO.  5. 
(Initial  temperature,  86*  C;  final  temperature,  110*  C;  rise  in  temperature,  24°  C.J 
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Temperature,  in  *C. 

Timo  required 
for  cooling, 
in  seconds. 

Time  re- 
quired from 
800*  to  600* 
C.  seconds. 

Time  re- 
quired from 
600*  to  400* 
C.  seconds. 

From— 

To— 

800 
700 
600 
500 
400 
300 
200 

700 
600 
500 

400 
300 
200 
140 

26.25 
23.75 
17.00 
33.75 
50.00 
111.00 
187.26 

|       50.00 

|       50.75 

- 

EXPERIMENT  NO.  6. 
[Initial  temperature,  00*  C;  final  temperature,  113*  C;  rise  in  temperature,  23*  C] 


sod 

700 
600 
500 
400 
300 
200 

700 
600 
500 

400 
300 
200 
140 

30.25 
23.25 
18.25 
35.26 
65.00 
126.75 
226.25 

}        53.50 

\       53.50 

• 

Water. 

EXPERIMENT   NO.  1. 
Initial  temperature,  26*  C;  final  temperature,  40*  C;  rise  in  temperature,  14*  C] 


800 
700 
600 
500 
400 
300 
200 

700 
COO 
500 
400 
300 
200 
120 

17.75 

\       28.75 

11.00 
6.75 
8.50 
11.50 
20.00 
32.75 

}        15.25 



EXPERIMENT  NO.  2. 
[Initial  temperature,  26*  C;  final  temperature,  40*  C;  rise  in  temperature,  14*  C] 


800 
700 
600 
500 
400 
300 
200 

700 
600 
500 
400 
300 
200 
120 

17.00 
11.25 
6.75 
8.26 
11.00 
18.00 
30.25 

\       2S.25 

\       15.00 

EXPERIMENT  NO.  3. 
[Initial  temperature,  41*  C;  final  temperature,  55*  C;  rise  in  temperature,  14*  C] 


800 
700 
600 
500 
400 
300 
200 

700 
600 
500 
400 
300 
200 
120 

17.50 
11.25 
6.25 
8.50 
11.50 
10.25 

}        23.75 

}        14.75 

32.25 
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Water — Continued . 

EXPERIMENT  No.  4. 
[Initial  temperature,  41*  C;  final  temperature,  55°  C;  rise  in  temperature,  14°  C] 


Temperature,  in  *C. 

Time  required 
for  cooling, 
in  seconds. 

Time  re- 
quired from 
800°  to  600* 
C.  seconds. 

Time  re- 
quired from 
600*  to  400* 
C.  seconds. 

From— 

To- 

800 
700 
600 
500 
400 
300 
200 

700 
600 
500 
400 
300 
200 
120 

18.25 
11.75 
6.75 
8.50 
11.75 
21.50 
43.75 

\      30.00 

\       15.25 

"  EXPERIMENT  No.  5. 
[Initial  temperature,  92°  C;  final  temperature,  99*  C;  rise  in  temperature,  7*  C] 


800 
700 
600 
500 
400 
300 
200 

700 
600 
500 
400 
300 
200 
120 

99.75 
70.25 
15.00 
11.75 
14.25 
26.25 
98.75 

}      170.00 

\       26.75 

EXPERIMENT   NO.  6. 
[Initial  temperature,  91.5°  C;  final  temperature,  99*  C;  rise  in  temperature,  7.5*  C] 


800 
700 
600 
500 
400 
300 
200 

700 
600 
500 
400 
300 
200 
120 

93.50 
52.50 
10.00 
12.25 
14.75 
26.75 
97.00 

\      146.00 

|       22.25 

• 

EXPERIMENT  NO.  7. 
[Initial  temperature,  80*  C;  final  temperature,  91.5*  C;  rise  in  temperature,.  11.5*  '   ] 


800 

700 

54.50 

700 

600 

27.50 

600 

500 

8.50 

500 

400 

9.50 

400 

300 

10.75 

300 

200 

17.75 

200 

160 

51.25 

} 


82.00 


}        18. 


00 


EXPERIMENT  NO.  8. 
(Initial  temperature,  79*  C;  final  temperature,  91*  C;  rise  in  temperature,  12*  V  ] 


800 
700 
600 
500 
400 
300 

700 
600 
500 
400 
300 
200 

67.75 

}        93.75 

26.00 

9.25 

9.25 

10.25 

17.50 

\        18.50 
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Soap  Solution. 

EXPERIMENT  NO.  1. 
(Initial  temperature,  35°  C;  final  temperature,  50°  C;  rise  in  temperature,  15s  C] 


Temperature,  in  *C. 

Time  required 
(or  cooling, 
in  seconds. 

Time  re- 
quired from 
800°  to  600° 
C.  (seconds). 

Time  re- 
quired from 
600°  to  400° 
C.  (seconds). 

1      From— 

To— 

800 
•    700 
600 
500 
400 
300 
200 

700 
600 
500 
400 
300 
200 
120 

27.50 
18.50 
9.25 
11.75 
18.26 
43.25* 
58.50 

\       46.00 

}       21.00 

EXPERIMENT  NO.  2. 
(initial  temperature,  35*  C;  final  temperature,  49°  C;  rise  in  temperature,  14°  C] 


800 
700 
600 
500 
400 
300 
200 

700 
600 
500 
400 
300 
200 
120 

26.75 
21.00 
8.50 
11.00 
15.00 
34.50 
52.00 

}        47.75 

} 

19.50 

EXPERIMENT  NO.  3. 
[Initial  temperature,  56°  C;  final  temperature,  69°  C;  rise  in  temperature,  13°  ('. 


800 

700 

26.75 

700 

600 

19.50 

600 

500 

10.00 

500 

400 

13.75 

400 

300 

21.00 

300 

200 

47.75 

200 

120 

82.00 

} 


46.25 


} 


23. 75 


EXPERIMENT  NO.  4. 
[Initial  temperature,  56*  C;  final  temperature,  69*  C;  rise  in  temperature,  13°  C] 


800 
*     700. 
600 
500 
400 
300 
200 

700 
600 
500 
400 
300 
200 
120 

30.75 
15.75 
14.00 
14.25 
20.00 
42.75 
69.25 

}        46.50 

}        25.25 

EXPERIMENT  NO.  5. 
[Initial  temperature,  86°  C;  final  temperature,  99*  C;  rise  in  temperature,  13°  C. 


800 
700 
600 
500 
400 
300 
1            200 

700 
600 
500 
400 
300 
200 
120 

93.75 
98.25 
60.25 
67.00 
43.25 
46^25 
81.25 

}      192.00 

} 

127.25 

EXPERIMENT  NO.  6. 
I  Initial  temperature,  86! C;  nnal  temperature,  98°  C;  rise  in  temperature,  12"  C.) 


800 

700 

112.75 

700 

600       - 

86.75 

600 

500 

59.00 

500 

400 

53.75 

400 

300 

40.00 

300 

200 

48.25 

200 

120 

90.00 

} 


199. 50 


} 


112. 75 
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Mineral  Oil. 

EXTERIMENT  NO.  1. 
[Initial  temperature,  26.5°  C;  final  temperature,  53.5°  C,  rise  in  temperature,  27°  C.| 


Temperature  in  *C. 

Time  required 
for  cooling, 
in  seconds. 

"Time  re- 
quired from 
800*  to  600* 
C.  (seconds). 

Time  re- 
quired irom 
600°  to  400° 
C.  (seconds). 

From — 

800 
700 
600 
500 
400 
300 

To— 

700 
600 
500 
400 
300 
200 

48.50 
26.50 
25.75 
40.25 
50.00 
07.75 

\       74.50 

|       66.00 

EXPERIMENT  NO.  2. 
[Initial  temperature,  31.5°  C;  final  temperature,  57.5*  C;  rise  in  temperature,  20*  CM 


800 

700 

34.75 

700      • 

600 

39.75 

600 

500 

24.75 

500 

400 

43.00 

400 

300 

62.75 

300 

200 

104.00 

• 

EXPERIMENT  NO.  3. 
[Initial  temperature,  55*  C;  final  temperature,  78.5*  C;  rise  in  temperature,  23.5*  C  | 


800 
700 
600 
500 
400 
300 

700 
600 
600 
400 
300 
200 

35.00 
39.50 
26.75 
46.75 
72.75 
129.75 

}       «•». 

\       73.50 

EXPERIMENT  NO.  4. 
[Initial  temperature,  53.5*  C;  final  temperature,  77.5*  C;  rise  in  temperature,  24*  C.| 


800 
700 
600 
500 

400 
300 

700 
600 
500 
400 
300 
200 

38.00 
37.00 
26.75 
46.00 
70.00 
122.75 

} 

75.00 

} 

72.75 

EXPERIMENT  NO.  5. 
[Initial  tomperaturo,  91*  C;  final  temperature,  HI*  C;  rise  in  temperature,  20*  O.) 


800 
700 
600 
500 
400 
300 

700 
600 
500 
400 
300 
200 

28.25 
38.00 
24.00 
46.00 
77.25 
153.25 

}       66.25   . 

\       70.00 

EXPERIMENT  No.  6. 
[Initial  temperature,  90*  C;  final  temperature,  110.5*  C:  nso  in  temperature,  20.5°  C.| 


700 
600 
500 
400 
300 
200 


31.  75 
37.75 
24.  75 
45.50 
76.75 
150.25 


} 


69.50 


} 


70.25 
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Whale  Oil. 

,      EXPERIMENT  No.  1. 
[Initial  temperature,  26°  C;  final  temperature,  51.5*  C;  rijc  in  temperature,  25.5"  C] 


Temperature,  in  °  C. 

Time  required 
for  cooling, 
in  seconds. 

Time  re- 
quired from 

800"-600e 
C.  (seconds). 

Time  re- 
quired from 

600*-400* 
C.  (seconds). 

From— 

To- 

800 
700 
600 
500 
400 
300 

700 
600 
500 
400 
300 
200 

32.50 
35.75 
16.00 
23.50 
36.00 
77.00 

}       68.25 

}       30.50 

EXPERIMENT  No.  2. 
[Initial  temperature,  29.5°  C;  finai  temperature,  51.5°  C;  rise  in  temperature,  25"  C.) 


800 
700 
600 
500 
400 
300 

700 
600 
500 
400 
300 
200 

36.00 
28.75 
15.00 
22.50 
37.50 
03.25 

|       64.75        1 

I>        37.50    ' 

I' 

1 

EXPERIMENT  No.  3. 
[Initial  temperature,  55.5*  C;  final  temperature,  70°  C;  rise  in  temperature,  23.5*  C.J 


800 
700 
600 
500 
400 
300 

700 
600 
500 
400 
300 
200 

26.25 
24.25 
11.50 
17.50 
28.25 
67.75 

}        50.50 

} 

20.00 

EXPERIMENT  No.  4. 
[Initial  temperature,  56"  C;  final  temperature,  79.5*  C;  rise  In  temperature,  23.5°  C] 


800 
700 
600 
500 
400 
300 

700 
600 
500 
400 
300 
200 

27.00 
27.00 
13.75 
21.25 
35.25 
91.25 

} 

54.00 

} 

35.00 

EXPERIMENT  No.  5. 
[Initial  temperature,  90*  C;  final  temperature,  110.5*C.;  rise  In  temperature,  20.5°  C] 


800 
700 
600 
500 
400 
300 

700 
600 
500 
400 
300 
200 

31.  75 

}        66.25 

31.50 
16.25 
26.00 
48.50 
•137. 50 

}        42.25 

EXPERIMENT  No. 6. 
[Initial  temperature,  91.5"  C;  final  temperature,  111.5"  C;  rise  In  temperature,  20*  C.| 


32.00 
33.50 
20.00 
35.00 
68.75 
148. 50 


} 


65.50 


} 


55.00 


REPORT  OF  TEST  OF  TWO  TWIST  DRILLS  FOE  THE  PANAMA 
CAN AL  PURCHASING  DEPARTMENT,  WASHINGTON,  D.  C. 

The  material  used  in  this  test  was  No.  3  cast  steel.  It  was  given 
the  regular  anneal.  The  carbon  content  of  the  material  was  0.53 
per  cent. 

2^-inch  Diameter  Drill. 

In  order  to  test  the  uniformity  of  hardness,  as  called  for  in  the 
specifications,  the  Brinell  hardness  was  taken  at  a  number  of  points, 
as  shown  in  the  accompanying  sketch.  The  results  of  tne  six 
Brinell  impressions  are  as  follows:  653,  633,  653,  633,  626,  and  653. 
The.  mean  value  of  the  Brinell  hardness,  was  648.  The  greatest 
divergence  from  the  mean  value  for  any  particular  determination 
was  3.3  per  cent. 

CUTTING  TESTS. 

The  specifications  under  which  these  drills  were  purchased  did 
not  give  any  standard  speed  and  feed.  This  drill  was  tested  at  38 
revolutions  per  minute,  with  a  feed  of  0.00926  inch.  With  this 
'speed  and  feed  a  2-inch  hole  was  drilled  with  no  bad  effects  on  the 
drill.  The  drilling  was  continued,  and  after  an  additional  If -inch 
had  been  drilled,  the  corners  of  the  drill  were  slightly  crumpled. 
The  speed  was  then  increased  to  52  revolutions  per  minute  with  the 
same  feed  as  before.    The  edges  of  the  drill  immediately  crumpled. 

SUMMARY. 

A  hole  lf-inch  deep  was  drilled  with  the  2^-inch  drill  at  a 
speed  of  38  revolutions  per  minute,  and  the  feed  at  0.00926  inch. 
At  the  conclusion  of  this  test  the  corner  was  slightly  crumpled. 
The  test  was  stopped  at  the  time  when  in  accordance  with  our  shop 
practice  it  would  have  been  necessary  to  regrind  the  drill.  After 
the  conclusion  of  this  first  test,  approximately  1  inch  was  cut  from 
the  drill  with  a  cutting  disk.  This  cutting  was  so  carried  out  that 
the  drill  was  not  heated.  The  drill  was  then  reground  and  the 
point  relieved,  as  is  customary  in  practice  at  this  arsenal.  It  is 
considered  that  relieving  the  point  in  this  manner  gives  a  much 
more  effective  tool. 

The  second  test  was  carried  out  at  40  revolutions  per  minute 
with  a  feed  of  0.010  inch.  After  drilling  a  hole  4f  inches  deep, 
the  drill  was  withdrawn,  and  the  corners  only  were  slightly  worn. 
The  speed  was  then  increased  to  50  revolutions  per  minute,  and 
the  feed  to  0.012  inch.  After  drilling  a  hole  4  inches  in  depth,  the 
edges  were  only  slightly  crumpled  and  the  drill  was  still  in  a  serv- 
iceable condition.  The  feed  was  increased  to  0.014  inch,  and  after 
drilling  a  hole  1  inch  in  depth,  the  drill  was  worn  on  the  edges. 
The  test  was  then  discontinued. 

On  the  second  test  a  hole  was  drilled  4}  inches  in  diameter,  after 
which  the  edges  were  only  slightly  crumpled.    The  drill  stood  up 
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much  better  on  the  second  test  than  on  the  first  test.  It  is  thought 
that  this  was  at  least  partially  due  to  the  fact  that  the  drill  was 
relieved  at  the  point  so  that  there  was  less  wearing  action  and  con- 
sequently less  heat. 

2ff-iNCH  Diameter  Drill. 

*  In  order  to  test  the  uniformity  of  hardness,  as  called  for  in  the 
specifications,  the  Brinell  hardness  was  taken  at  a  number  of  points, 
as  shown  in  the  accompanying  sketch.  The  results  of  the  six  Brinell 
impressions  was  653. 

CUTTING  TESTS. 

This  drill  was  run  at  27  revolutions  per  minute,  with  a  feed  of 
0.00926  inch.  After  drilling  a  hole  4f  inches  in  depth,  the  drill  was 
severely  chipped  near  the  point.  The  test  was  continued  without 
regrinding,  and  after  drilling  an  additional  one-eighth  inch,  both  sides 
chipped  out.  Approximately  1  inch  was  cut  from  the  end  of  this  drill, 
after  which  it  was  reground  and  the  point  relieved,  as  in  the  smaller 
drill.  The  second  test  was  carried  out  at  28  revolutions  per  minute, 
with  a  feed  of  0.010  inch.  A  hole  was  drilled  6  inches  in  depth,  after 
which  the  drill  was  very  slightly  crumpled  at  the  corner.  It  was 
considered  in  very  good  condition,  and  did  not  need  regrinding. 
The  speed  was  then  increased  to  36  revolutions  per  minute,  with 
a  feed  of  0.016  inch.  A  hole  4J  inches  in  depth  was  then  drilled 
with  the  result  that  the  drill  was  worn  and  crumpled  on  the  cutting 
edges. 


£f*an  CUTTING 


Or  SHANK 


Z^OR/U 


£fSOM  CUTTING 


Or  SHANK 


Z§mORfLL 


Note. — As  the  speed  and  feed,  as  shown  in  this  test,  are  very 
important,  it  would  seem  advisable  that  they  should  be  included 
in  the  specifications. 


Drill  for  Panama  Canal. 

riser  (0.40  carbon)  3J  inches 
'mute;  feed  0.0081  inch  per 
und. 
a  forged  steel  No.  3  billet 

Speed  21.7  revolutions;  feed 
■jphreased  to  0.013  and  drilling 
fctaas  crumbled,  about  one-eighth 

wr  -,i'— SSiSRiJfrpeed  21.7;  feed  0.0081  inch. 

^jB^U'iH&IXtlfcMbS.  One-half  inch  of  drill  taken 

(S^^S'S^te^S'^'fl-ii*'11011  deeP"     SPeed  2L7;  fof,<i 

{"■Sl^^P^lilW  'SifeDHus£lf;|W;  drill  reground  for  each  hole. 

^^T'S'  -••■■■•  MirShole  drilled  one-half  inch  deep. 

tS^St 14  9  revolution3   Per  minute: 

tolSj0O81  inch;  point  turned  over. 

■^■J*-«a  ^3^  ing  compound  used  on  all  holes 

„  ^|^l^-*?i,-t  last-   ^ard  oU  U3ed  on  last 

V  -^^firtable  cutting  speed  for  carbon 


.ff.-S^,*^.w|r:*",H^Sro9COPe  t^8*-  on  tbe  outer  sur- 
Jg-***  :i*4f>f  the  driU  varied  from  80  to  94- 

,"        - : .  -ft.       :&-^S  point  of  the  drill  after  one-half 

.•.-jgjjpji'l'l  "SStv^f amoved  showed  a  scleroscopc 
*^&3*^f "S^ffiT  *"  ■^^!'ies3  °f  4°  ttnd  was  readily  file  able . 
r-tt*"*"       "*"       'H'tSS  ^"11  nas  not  o®611  hardened 

■§;3»|5ehoiit  and  does  not  stand  up  as 

5suTgiI  be  expected. 

"♦"taia  not  considered  good  practice 

:Sciffte  drills  over  3  inches  in  diame- 


SSsfcirecfla***  :^0'.™*For  holes  of  this  size  and  larger, 

s-2-- mrWA,  ^  .*.:<3fiKK  2-inch  hole  and  follow  up    "* 


ipif^y^fw' 


ith 

cutters.    This  will  give  good 

ies),  it  is  good  practice  to  first 
tors-inch  diameter, 
jiehank  should  be  a  No.  6  Morse 


■  Equals  13  loot  cutting  speed. 
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TEHSILE  TEST  OF  TWO   SAMPLES  OF  3£   INCHES  DIAMETEE 
S-STEAND  MANILA  EOPE  FOE  WATEETOWK  ABSENAL. 

Rope  represents  238  feet. 

The  first  sample  was  fitted  in  the  same  way  as  old-fashioned  hemp 
rigging. 

The  specimen  was  put  under  strain  in  a  rigging  loft,  wormed,  par- 
celed, and  served,  ends  turned  back  around  toggle,  and  seized  to 
standing  part. 

Distance  between  ends  of  rope 6  feet. 

Circumference  of  rope 11.55  inches. 

Diameter  of  rope v 3.76  inches=ll  .103  sectional  area. 

At  32,300  pounds  end  of  rope  started  to  slip  through  seizing.  At 
39,400  pounds  stroke  of  piston  of  testing  machine  24  inches  exhausted. 
After  a  new  stroke  the  ends  of  rope  continued  to  slip  through  seizing. 
At  52,500  pounds  stroke  of  piston  exhausted  as  ends  of  rope  contin- 
ued to  slip.  At  56,000  pounds  stroke  of  piston  exhausted,  and  after 
a  new  stroke  the  ends  of  rope  continued  to  slip  at  reduced  loads 
until  a  load  of  50,000  pounds  was  re&ched.  At  load  of  50,000  pounds 
the  test  was  discontinued.     The  rope  was  not  broken. 

SECOND   SAMPLE. 

The  second  sample  was  prepared  for  testing  with  eye  splices  at  the 
ends.  The  eyes  were  rather  long  and  the  splices  alter  tucking 
through  two  or  three  times  were  tapered  for  b  length  of  about  4  feet. 
Splices  were  not  wet. 

Length  of  sample  over  all About  21  feet. 

Distance  between  ends  of  splices 6  feet. 

Circumference  of  rope 10.95  inches. 

Diameter  of  rope 3.06  inches =10. 178  sectional  area. 

At  37,500  pounds  stroke  of  piston  exhausted.     New  stroke  taken. 

At  97,000  pounds  ( =  9.530  pounds  per  square  inch)  one  strand  of 
the  rope  parted  in  the  splice  near  the  small  end  of  taper. 

The  test  of  the  spliced  sample  is  considered  a  test  for  acceptance 
of  this  rope  for  the  arsenal  per  instructions  of  the  commanding  officer. 
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MANILA   ROPE. 


Tensile  tests  of  manila  rope. 

\  Rope  prepared  for  testing  with  eye  splices  at  the  ends  and  then  wetting  the  splices.    Length  of  samples 

between  splices  equal  6  feet.) 


Nominal  site. 


Diam- 
eter 
(inches. ) 


10.200 
.375 
.500 


.500 
.750 


1.250 


1.500 


3.500 
3.500 
3.500 


Circum- 
ference 
(inches). 


1.50 


2.25 
2.50 
2.50 

2.50 

1.00 

3.00 
3.00 
3.00 
1.00 
3.00 

3.75 


4.00 

4.25 
4.00 

4.00 
4.00 

4.50 

'4."56' 
5.00 
6.00 
6.00 

7.00 
7.00 


Actual  size. 


Diame- 
ter 
(inches). 


0.20 
.38 
.52 

.54 

.  56 
.77 

.78 
.80 
.80 

.86 

.97 

.99 
1.03 
1.03 
1.05 
1.07 

1.29 

1.32 
1.39 

1.40 
1.42 

1.43 
1.47 

1.54 
1.57 
161 
1.78 


2. 
2. 

2. 
2. 
3. 
4. 
4. 


05 
15 

32 
60 
95 
15 
30 


Circum- 
ference 
(Inches). 


0.628 

1.20 

1.65 

1.70 

1.80 
2.45 

2.40 
2.50 
2.55 

2.65 

3.05 

3.15 
3.13 
3.25 
3.20 
3.30 

3.95 

4.10 
4.15 

4.25 
4.30 

4.35 
4.50 

4.70 
4.75 
4.85 
5.35 
6.30 
6.65 

7.00 

7.20 

11.70 

12.50 

13.00 


Sec- 
tional 
area 
(square 
(inches). 


0.031 
.113 
.212 

.229 

.246 
.465 

.477 
.502 
.502 

.580 

.738 

.769 
.83  " 
.833 
.86 

.  iw 

1.306 

1.36S 
1.517 

1.54 
1.583 

1.606 
1.-697 

1.862 

1.93 

2.035 

2.48 

3.30 

3.63 

4.22 

5.309 

12.25 

13.52 

14.52 


Tensile  strength. 


Load 
(pounds). 


420 
1,600 
2,400 

3,100 

2,500 
5,500 

4,400 
5,600 
5,300 

6,500 

5,500 

9,600 
9,800 
8,700 
8,700 
8,600 

11,500 

13,500 
15,200 

14.800 
12.700 

12,700 
16,300 

16,400 
15,700 
17,700 
23,000 
34,300 
33,800 

39.800 
35,600 
66,900 
70.300 
71.600 


Pounds 

per 

square 

inch. 


13,376 
14,150 
11,320 

13,537 

10,162 
11,828 

9,224 
11,155 
10?557 

11,200 

7,452 

12.483 
11,807 
10.440 
10,116 
9,560 

8,805 

9,868 
10,019 

9,600 
8,022 

7.907 
9,605 

8,807 
8,134 
8,697 
9,274 
10.390 
9,311 

9,431 
6,708 
5,460 
5.199 
4,931 


18  inches  from  fixture. 

2  strands,  at  middle  of  length. 

1  strand,  10  inches  from  end  of 
splice. 

2  strands,  15  inches  from  end  of 
splice. 

1  strand,  at  splice. 

1  strand,  11  inches  from  end  of 

splice. 
1  strand,  at  middle  of  length. 

Do. 
1  strand,  15  inches  from  end  of 

splice. 
1  strand,  12  inches  from  end  of 

splice. 
1  strand,  6  inches  from  end  of 

splice. 
1  strand,  at  middle  of  length. 
Do. 

1  strand,  at  end  of  splice. 

2  strands,  in  the  splice. 

1  strand,  11  inches  from  end  of 

splice. 
1  strand,  13  inches  from  end  of 

splice. 
1  strand,  at  end  of  splice. 
1  strand,  15  inches  from  end  of 

splice. 
1  strand,  at  end  of  splice. 

1  strand,  10  inches  from  end  of 
splice. 

2  strands,  at  middle  of  length. 
1  strand,  9  Inches  from  end  of 

splice. 
1  strand,  at  middle  of  length. 

Do. 
-      Do. 

I  strand,  at  the  splice. 
1  strand,  at  middle  of  length. 

1  strand,  15  Inches  from  end  of 
splice. 

2  strands,  at  the  splice. 

1  strand,  at  end  of  splice. 
Do. 
Do. 
Do. 


>  Linen  cord  braidod. 
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wnts  ROPE. 

Tensile  tests  of  wire  rope. 
Ropes  prepared  for  testing  with  closed  sockets  at  the  ends.   All  specimens  had  hemp  cores.] 


Description. 


Plow  steel  hoisting  rope . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Steel  wire  rope 

Plow  steel  hoisting  rope . 

Steel  wire  rope 

Plow  steel  crane  rope . . . 

8t«el  wire  rope 

Do 

Do 

Do 

Do 

Plow  steel  hoisting  rope . 
Steel  rope 

Do 

Do 

Plow  steel  rope 

Plow  steel  hoisting  rope . 

Do 

Do 

Do 

Do 

Do 

Do 


Indus. 


* 

A 

A 

A 

A 

A 

A 

I 

I 

I 

I 

I 

I 

I 

I 
1 
1 
* 


Length 

be- 
tween 
sockets. 

Ft.  in. 
9    9* 

Ac- 
tual 
sise, 
diam- 
eter. 

Inehe*. 
0.27 

Num- 
ber of 
strands 

Num- 
ber of 
wires 
per 
strand. 

Break- 
ing 
strength. 

6 

19 

Pounds. 
5,800 

9    6 

0.27 

6 

37 

12,200 

9    7 

.38 

6 

37 

11,400 

9    0 

.38 

6 

37 

12,300 

9    7 

.37 

6 

19 

11,400 

9  10 

.37 

6 

37 

12,000 

9    &} 

.44 

6 

19 

15,880 

9    7 

.49 

6 

19 

16,800 

7    2 

.50 

0 

19 

18,400 

9    3 

9    7 

.50 
.52 

6 
6 

19 
33 

17; 600 
21,100 

9    6 

.51 

6 

19 

18,400 

9    8 

.62 

8 

25 

26,400 

9    6 

.58 

6 

32 

25,500 

9    7 

.58 

6 

32 

25,700 

9    6 

.58 

6 

32 

23,700 

9    5 

.58 

6 

32 

23,700 

9    5 

.58 

6 

32 

23r600 

9    7} 

.63 

6 

37 

29,600 

3    0 

.62 

6 

36 

28,400 

3    0 

.62 

6 

30 

29,900 

3    0 

.64 

6 

37 

31,200 

9    7} 

.62 

6 

19 

32,900 

9    7 

.77 

6 

37 

46,100 

9    7 
9    3 

.78 
.78 

6 
6 

37 
37 

52,200 
52,800 

9    5 

.77 

6 

37 

52,400 

9    4 

.78 

6 

37 

48,700 

9    7 

.77 

6 

37 

52,300 

8    8 

.78 

6 

37 

47,800 

5  strands,  at  middle  of 

length. 
4  strands,  at  middle  of 

length. 

1  strand,  at  middle  of 
length. 

3  strands,  36  inches  from 
end  of  socket. 

2  strands,  3  feet  from 
end  of  socket. 

3  strands,  40  inches  from 
end  of  socket. 

4  strands,  15  inches  from 
end  of  socket. 

4  strands,  30  inches  from 
end  of  socket. 

3  strands,  7  inches  from 
end  of  socket. 

2  strands,  at  end  of  socket . 

3  strands,  at  middle  of 
length. 

2  strands,  at  middle  of 
length. 

2  strands,  8  inches  from 
end  of  socket. 

3  strands,  42  inches  from 
end  of  socket. 

3  strands,  18  inches  from 
end  of  socket. 

3  strands,  42  inches  from 
end  of  socket. 

2  strands,  24  inches  from 
end  of  socket.  ' 

.2  strands,  48  inches  from 
end  of  socket. 

4  strands,  at  middle  of 
length. 

4  strands,  6  inches  from 
end  of  socket. 

3  strands,  13  inches  from 
end  of  socket. 

3  strands,  7  inches  from 
end  of  socket. 

3  strands,  6  inches  from 
end  of  socket. 

4  strands,  at  middle  of 
length. 

3  strands,at  end  of  socket. 
3  strands,  4  inches  from 

end  of  socket. 
3  strands,  15  inches  from 

end  of  socket. 
1  strand,  near  middle  of 

length. 
3  strands,  near  middle  of 

length. 
3  strands,  48  Inches  from 

end  of  socket. 
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WIRE  ROPE. 


Tensile  tests  of  voire  rope — Continued. 


Description. 


Steel  wire  rope 

Do 

Do 

Do 

Do 

Cast  steel  hoisting  rope . 

8teel  wire  rope 

Plow  steel  wire  rope 

Do 

Do 

Plow  steel  hoisting  rope 

Plow  steel  cable 

Plow  steel  wire  rope . . . 

Do 


Nom- 
inal 
site, 
diam- 
eter. 


Incketi 
1 


U£Th!  tual 

SOCMtS.    fMr 


\ 


I 
I 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.25 
1.25 
1.50 


Ft.  in.  'ineha. 


9  9 

9  4 

9  4 

9  4 

9  4 

8  11 

9  3 

9  H 

9  7 

6  4 

9  6} 

»  ** 

6  9J 

6  2 


.76 

.90 
.90 

.90 

.90 

■  w 

1.04 

1.02 

1.01 

1.02 

1.00 

1.25 

1.27 

1.53 


Num- 
ber of 
strands. 

Num- 
ber of 
wires 
per 
strand. 

6 

19 

6 
6 

43 
43 

6 

43 

6 

43 

6 

25 

C 

43 

6 

19 

6 

37 

6 

19. 

6 

19 

6 

37 

6 

19 

6 

19 

Break- 
ing 
strength. 


Parted. 


Pounds. 
37,800 

62,500 
64,800 

63,300 

61,600 

60,200 

75,600 

84,200 

73,800 

85,000 

78,400 

129,700 

122,500 

187,400 


3  strands,  3}  feet  from 
end  of  socket. 

4  strands,  at  end  of  socket. 
4  strands,  15  inches  from 

end  of  socket. 
1  strand,  12  inches  from 

end  of  socket. 
1  strand,  at  middle  of 

length. 
3  strands,  near  middle  of 

length. 
1  strand,  4  feet  from  end 

of  socket. 

3  st rands  ,at  about  middle 

of  length. 

4  strands,  at  about  mid- 
dle of  length. 

3  strands,  8  mches  from 
end  of  socket. 

4  strands,  8  inches  from 
end  of  socket. 

3  strands,  1  inch  from 

end  of  socket. 
3  strands,  1  inch  from 

end  of  socket. 
3  strands,  22  inches  from 

end  of  socket. 
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COMPRESSION*   TEST  OF  37  BUBBEB  TRUCK  TIEES  FOB 

WATEBTOWN  ABSENAL. 


Tires  represent  9  detachable  rubber  tires,  A  48  J;  12  detachable 
rubber  tires,  A  48  S;  9  detachable  rubber  tires,  A  48  M;  7  detachable 
rubber  tires,  A  48  W. 

A  compressive  load  was  applied  to  the  face  of  the  tire  on  a  block 
1  inch  square.  The  compression  was  measured  at  loads  of  500  and 
1,000  pounds  (maximum  tolerance  =  0.10  at  500  pounds;  0.20  at 
1,000  pounds). 


i. 

2. 
3. 
4. 

5. 
6. 
7. 

8. 

g. 


A  48  J. 


Number. 


Applied  loads 
(total  pounds). 


600 
1,000 

500 
1,000 

500 
1,000 

500 
1,000 

500 
1,000 

500 
1,000 

500 
1,000 

500 
1,000 

500 
1,000 


Compression 
(Inch). 


0.09 
.20 
.11 
.22 
.15 
.25 
.16 
.25 
.14 
.24 
.15 
.26 
.15 
.26 
.17 
.27 
.12 
.23 


A48S. 


10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 


500 
1,000 

500 
1,000 

500 
1,000 

500 
1,000 

500 
1,000 

500 
1,000 

500 
1,000 

500 
1,000 

500 
1,000 

500 
1,000 

500 
1,000 

500 
1,000 


0.11 
.23 
.23 
.23 
.12 
.22 
.12 
.22 
.13 
.22 
.11 
.20 
.14 
.25 
.13 
.23 
.10 
.20 
.12 
.23 
.12 
.22 
.12 
.23 
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RUBBER. 
A  48  W. 


Applied  loads 

Compression 

(total  pounds). 

(inch). 

/           500 

0.12 

\         1,000 

.20 

/            500 

.13 

\         1,000 

.21 

}            500 

.10 

1          1,000 

.18 

/             500 

.11 

1          1,000 

.20 

/         1,000 

.14 

\          1,000 

.23 

/            500 

.12 

I          1.000 

.21 

/             500 

.12 

\         1,000 

.18 

A48M. 


500 

0.14 

1,000 

.24 

500 

.17 

1,000 

.24 

500 

.17 

1,000 

.26 

500 

.15 

1,000 

.22 

500 

.18 

1,000 

.26 

500 

.18 

1,000 

.26 

500 

.18 

1,000 

.26 

500 

.16 

1,000 

.24 

500 

.15 

1,000 

.23 

COMPRESSION  TEST  OH  TWO  RUBBER  CUSHION  RINGS  TO 
EXPAND  RECUPERATOR  PACKING  SINGS  FOR  THE  WATER- 
TOWN  ARSENAL. 

Rubber  cushions  and  recuperator  packing  rings  are  shown  on 
drawing  38254,  part  1  and  3.  Samples  supplied  by  the  240-milli- 
meter division. 

Dimensions. 


Outside  diameter. 

Width. 

Thickness. 

A 

B 

Ringl 

Inches. 
7.089 
7.088 

Inches. 
7.090 
8.067 

Inch. 
0.996 
.995 

Inch. 
0.313 
.312 

Test  of  packing  rings. 


Applied 

(total 
pounds). 

First  ring- 
Diameters. 

First  ring  repeated- 
Micrometer   read- 
ings. 

• 

Second  ring- 
Diameters. 

A 

B 

A 

B 

A 

B 

0 
100 
200 
300 
400 
500 
600 
700 
800 
900 
990 
100 

0 

Inches. 
7.0S9 
7.094 
7.099 
7.108 
7.109 
7.120 
7.126 
7.134 
7.141 
7.155 
7.159 
7.101 

Inches. 
7.090 
7.101 
7.093 
7.098 
7.107 
7.111 
7.129 
7.129 
7.133 
7.148 
7.148 
7.097 

Inches. 
7.090 
7.094 
7.102 
7.118 
7.118 
7.129 
7.133 
7.143 
7.150 
7.156 
7.186 
7.108 
7.088 

Inches. 
7.086 
7.098 
7.107 
7.120 
7.120 
7.127 
7.134 
7.144 
7.149 
7.156 
7.165 
7.108 
7.091 

Inches. 
7.086 
7.096 
7.100 
7.107 
7.113 
7.122 
7.131 
7.139 
7.146 
7.157 
7.165 
7.103 

Inches. 
7.087 
7.094 
7.101 
7.107 
7.115 

'  7.119 
7.130 
7.139 
7.145 
7.154 
7.169 
7.105 

TENSILE   TESTS   OF   COVERING   RUBBER. 


No. 

Width 
(inches). 

Thick- 
ness 
(inch). 

Sectional 

area 

(square 

inch). 

Tensile  strength. 

Per  cent 
elonga- 
tion in 
2  inches 
(not  less 
than  75 
nor  more 
than  150 
per  cent). 

Remarks. 

Load 
(pounds). 

Stress, 
pounds 

per 
square 

inch 
(not  less 
than  600 
pounds 

per 
square 
inch). 

1 
2 
3 
4 

5 
6 

7 
8 

1.03 
.97 

1.00 
.95 
.97 
.97 
.98 

1.01 

0.47 
.42 
.46 
.45 
.44 
.54 
.43 
.46 

0.484 
.407 
.460 
.427 
.426 
.523 
.421 
.464 

210 
145 
173 
182 
351 
486 
160 

433 
356 
376 
426 
823 
929 
380 

170 
154 
200 

70.5 
300 

67.5 
276 
291.5 

Parted  at  gauge  mark. 
Parted  outside  gauge  mark. 
Parted  inside  gauge  mark. 
Parted  outside  gauge  mark. 
Not  broken  at  end  of  stroke. 

Parted  outside  gauge  mark. 
Not  broken,  275  pounds  at 
end  of  stroke. 
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RUBBER. 


PNEUMATIC  HOSE. 

Gauge  length  of  2  inches  laid  off  on  each  sample;  stretched  to  6 
inches  for  10  minutes,  and  load  removed. 

Tube  test. 


Description. 

Width 
(inch). 

Length 
(inches). 

Per- 
manent 

set 
(inch). 

Remarks. 

7-ply 

6 

6 

6 

6 

6 
6 

6 

7 

7 
7 

7 

< 

7 
7 
6 
6 

8ample  parted  outside  of  gauge  mark  at  4.2 

Inches. 
Sample  parted  at  edge  of  one  gauge  mark  at 

4.2  inches. 
Sample  parted  outside  the  gauge  mark  at  5 

inches. 
Sample  parted  outside  the  gauge  mark  at  6 

inches  after  one-fourth  minute. 

Sample  parted  outside  the  gauge  at  6  inches 

after  1  minute. 
Sample  parted  diagonally  at  gauge  mark  at 

5.9  inches. 
Sample  parted  outside  gauge  mark  at  3 

inches. 

Sample  parted'  outside  gauge  mark  at  5 

inches. 
Sample  parted  outside  gauge  mark  at  3.5 

inches. 
Sample  parted  inside  gauge  mark  at  4.8 

inches. 
Sample  parted  inside  gauge  mark  at  5.9 

inches. 
Sample  parted  outside  gauge  mark  at  4.2 

inches 
Sample  parted  at  edge  of  gauge  mark  at  6 

inches  after  45  seconds. 

}-lneh  armored — 
7-ply,  J-inch 

7-d1v 

• 

0.3 

7-ply,  J-lnch 

Do 

• 

.5 

Do 

Do 

Do 

Do 

Do 

7-ply,  f-inch,  ar- 
mor ea. 

Friction  tests. 


7-ply 


Description. 


$&,Hnch 


armored 

7-ply,f-inch 

7-ply,  i-inch 

7-ply 

7-ply.  f-mch 

Do!!!!!!!!!!!!!!'!!! 

Do 

Do 

7-ply,* 3.45-inch,  armored, 


Unwound 
in  10 

Length 

minutes 

samples 
(inch). 

(inches). 

2.5 

1 

3.2 

1 

6.5 

1 

4.2 

1 

1.95 

1 

2.70 

1 

3.4 

1 

5.5 

1 

4.5 

1 

10.5 

1 

1.84 

1 

SPRINGS 
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SPRINGS. 


COMPBESSION  OF  50  FRICTION  BAND  SPRINGS. 


No. 

1 

1  Height 
(inches). 

Inside 
dia- 
meter 
free 
(not 
less 

i 

Load 
at  as- 
sembled 
height 

ft? 

1,300 
pounds). 

Load 
when 
solid. 

1 

Solid 

height 

(not 

over 

Outside 
dia- 
meter 
,  solid 
•    (not 

Final 

free 

height. 

i 

than 

0.85 

inch). 

4.15). 

over 

1.75). 

1 

5.77 

0.85 

1,275 

2,800 

3.73 

1.59 

5.77 

2 

5.80 

0.85 

1,300 

2,800 

3.72 

1.58 

5.76 

3 

5.76 

0.85 

1,330 

2,700 

3.67 

1.59 

5.74 

4 

5.80 

0.85 

1,360 

2,700 

3.76 

1.69 

5.75 

5 

5.80 

a  85 

1,330 

2,900 

3.79 

1.68 

5.76 

6 

5.80 

0.85 

1,390 

2,900 

3.74 

1.67 

5.76 

7 

5.77 

0.85 

1.340 

2,400 

3.69 

1.67 

5.70 

8 

5.80 

0.85 

1,355 

2,700 

3.69 

1.67 

5.75 

9 

5.80 

0.85 

1,355 

2,400 

3.67 

1.67 

5.71 

10 

5.79 

0.85 

1,335 

2,400 

3.69 

1.67 

.      5.71 

11 

5.76 

0.85 

1,365 

2,700 

3.68 

1.67 

5.71 

12 

5.78 

0.85 

1,350 

2,600 

3.69 

1.67 

5.73 

13 

5.73 

0.84 

1,345 

2,800 

3.76 

1.67 

5.66 

14 

5.73 

0.85 

1,400 

2,900 

3.76 

1.67 

5.70 

15 

5.72 

0.85 

1,370 

2.900 

3.76 

1.68 

5.67 

16 

5.72 

0.85 

1,400 

'3,000 

3.68 

1.67 

5.61 

17 

5.72 

0.85 

1,340 

2,700 

3.78 

1.67 

5.64 

18 

5.73 

0.85 

1,365 

2,900 

3.74 

1.68 

5.70 

19 

5.73 

0.85 

1,340 

2,800 

3.76 

1.67 

5.71 

20 

5.73 

0.85 

1,320 

2,200 

3.72 

1.68 

5.71 

21 

5.73 

a  85 

1,300 

2,600 

3.78 

1.66 

5.71 

22 

5.73 

0.85 

1,310 

2,800 

3.78 

1.67 

5.66 

23 

5.73 

0.85 

1,340 

2,800 

3.79 

1.66 

5.71 

24 

5.73 

0.85 

1,320 

2,800 

3.72 

1.62 

5.71 

25 

5.72 

0.85 

1,300 

2,100 

3.71 

1.62 

5. 66 

26 

5.73 

0.85 

1,320 

2,200 

3.72 

1.67 

5.62 

27 

5.72 

0.85 

1,310 

2,300 

3.81 

1.63 

5.67 

28 

5.73 

0.85 

"1,300 

2,700 

3.72 

1.63 

5.65 

29 

5.73 

0.85 

1,300 

2,200 

3.84 

1.68 

5.70 

30 

5.73 

0.85 

1,350 

2,900 

3.74 

1.68 

5.70 

31 

5.73 

0.85 

1,320 

2,800 

3.76 

1.68 

5.66 

32 

5.75 

0.85 

1,310 

2,200 

3.79 

1.68 

5.72 

33 

5.73 

0.85 

1,300 

2,500 

3.74 

1.68 

5.67 

34 

5.74 

0.85 

1,330 

2,900 

.3.73 

1.68 

5.65 

35 

5.73 

0.85 

1,360 

2,100 

3.90 

1.68 

5.70 

36 

5.73 

0.85 

1,365 

2,900 

3.74 

1.68 

5.55 

37 

5.73 

0.85 

1,340 

2,200 

3.77 

1.68 

5.70 

38 

5.72 

0.85 

1,310 

2,200 

3.74 

1.66 

5.66 

39 

5.73 

0.85 

1,350 

2,900 

3.74 

1.66 

5.70 

40 

5.73 

0.85 

1,345 

3.000 

3.76 

1.66 

5.70 

41 

5.73 

0.85 

1,300 

2,900 

3.76 

1.67 

5.65 

42 

5.73 

0.85 

1,340 

2,200 

3.79 

1.67 

5.72 

43 

5.73 

0.85 

1,350 

2.900 

3.78 

1.66 

5.68 

44 

5.72 

0.85 

1,320 

2,900 

3.77 

1.67 

5.71 

45 

5.75 

0.85 

1,320 

2,600 

3.78 

1.67 

5.71 

46 

5.73 

0.85 

1,370 

2,900 

3.75 

1.66 

5.71 

47 

5.73 

0.85 

1,310 

2,800 

3.70 

1.66 

5.69 

48 

5.73 

0.85 

1,330 

2,900 

3.76 

1.67 

5.65 

49 

5.74 

0.85 

1,360 

2,900 

3.78 

1.67 

5.71 

50 

5.73 

0.85 

1,330 

2,900 

3.86 

1.67 

5.67 

Load  at  solid  height  only  approximate,    This  can  not  be  accurately  determined. 
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SPRINGS. 


COMPRESSION  TEST  OF  ONE  NOSE  SPRING  FOB  WATERTOWN 

ARSENAL. 

Requirements. — Spring  to  be  compressed  1.50  inches  10  times  with- 
out causing  decrease  of  free  height. 
No  mark  on  spring. 
Spring  was  compressed  1£  inches  10  times. 


Free 

height 

(inches). 

Outside 
diameter 

at  base 
(inches). 

Outside 
diameter 

at  top 
(inches). 

Diameter 
of  hole 
through 
spring 
at  top 
(inch). 

Final 

free 

height 

(inches). 

Set 
(inch). 

Diameter 
of  wire 
(inch). 

4.82 

5.32 

2.56 

0.59 

4.66 

0.16 

0.50 

COMPRESSION  TEST  OF  15  NOSE  SPRINGS  FOR  WATERTOWN 

ARSENAL. 

Requirements. — Springs  to  be  compressed  1.5  inches  10  times  with- 
out causing  decrease  of  free  height. 

TYPE  A. 


i 

Diameter 

Free 

height 

(inches). 

Outside 

Outside 

of  hole 

Final 

Diameter 
of  wire 
(inch). 

No. 

diameter 

at  base 

(inches). 

diameter 

at  top 
(inches). 

through 
spring 
at  top 
(Inch). 

free 

height 

(inches). 

Set 
(inch). 

1 

5.03 

4.80 

2.85 

A 

4.48 

0.32 

0.50 

2 

4.80 

4.90 

2.75 

A 

4.60 

.20 

.50 

3 

4.85 

4.96 

2.77 

A 

4.61 

.24 

.50 

4 

4.80 

4.9$ 

2.76 

A 

4.60 

'   .20 

.50 

5 

4.80 

5.02 

2.75 

A 

4.62 

.18 

.50 

TYPE  B. 


TYPE  C. 


1 

6.15 

5.03 

2.72 

A 

6.00 

0.15 

0/50 

2 

6.24 

4.85 

2.75 

$ 

5.67 

.57 

.50 

3 

6.26 

4.92 

2.75 

6.10 

.16 

.50 

4 

6.26 

5.01 

2.67 

i 

6.07 

.19 

.50 

5 

6.15 

4.99 

2.71 

5.78 

.37 

.50 

1 

7.61 

5.05 

2.72 

A 

7.40 

0.21 

a  49 

2 

7.58 

5.17 

2.6S 

A 

7.37 

.21 

.49 

3 

7.55 

5.09 

2.73 

A 

7.38 

.17 

.49 

4 

7.63 

5.02 

2.70 

A 

7.48 

.15 

.49 

5 

7.65 

5.00 

2.70 

A 

7.43 

.22 

.50 
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COMPRESSIVE  TEST  OF  NINE  NOSE  SPRINGS  FOB  WATEBTOWN 

ARSENAL. 

Requirements. — Springs  to  be  compressed  1.5  inches  10  times  with- 
out causing  decrease  of  free  height. 
No  marks  on  springs. 
Each  spring  compressed  1.50  inchest  10  times. 


Diameter 

Free 

height 

(inches). 

Outside 

Outside 

of  hole 

Final 

Diameter 
of  wire 
(Inch.) 

diameter 

at  base 

(inches). 

diameter 

at  top 
(inches). 

through 
spring 
at  top 
(inch). 

free 

height 

(inches). 

Set 

(inch). 

5.09 

5.03 

1.53 

0.58 

4.80 

a  29 

0.50 

5.16 

5.07 

1.56 

.61 

4.91 

.25 

.50 

5.10 

5.02 

1.61 

.60 

5.02 

.08 

.50 

6.15 

4.98 

1.54 

.  dv 

6.00 

.15 

.50 

6.12 

5.00 

1.51 

.60 

5.93 

.19 

.50 

6.02 

5.04 

1.59 

.64 

5.70 

.32 

.50 

7.52 

5.01 

1.71 

.60 

7.28 

.24 

.50 

7.32 

5.00 

1.47 

.  56 

7.13 

.19 

.50 

7.30 

5.04 

1.54 

.61 

7.04 

.26 

.50 

MEASUREMENTS  OF  A  BBASS  SPRING  FOB  12-INCH  M.  C,  MODEL 

1896,  FOB  THE  WATEBTOWN  ARSENAL. 


Diameter  of  wire 

Diameter  of  spring  outside . . 

Length  of  spring 

Diameter  of  small  eve  inside 
Diameter  of  large  eye  inside . 


Required. 


Inches. 

0.0719 
.625 

5.5 
.374 
.750 


Results. 


Inches. 

0.0719 
.620 

5.30 
.375 
.700 


COMPRESSION    TEST    OF    THREE    SPRINGS    FOB    THE    OUTSIDE 
INSPECTION  DEPARTMENT,  WATEBTOWN  ARSENAL. 

ITEM   18. 


Requirements. 


Free  height 

Outside  diameter  solid  not  more  than  6.437  (6^)  inches 

Inside  diameter  freo  not  less  than  5.343  (<>M)  inches 

Solid  height  not  more  than  2.031  (2^)  inches 

Assembled  height  2.2  inches 

Load  at  assembled  height  not  less  than  1,058  pounds 

Final  free  height 


ITEM  19. 


Results. 


4.25  inches. 
6.37  inches. 
5.40  inches. 
1.89  inches. 
2.2  inches. 
1,300  pounds. 
4.25  inches. 


Free  height 

Outside  diameter  solid  not  more  than  6.125  inches. 
Inside  diameter  free  not  less  than  4.312  (4ft )  inches 

Solid  height  not  more  than  1.187  (1^)  inches 

Assembled  height  1.34  inches 

Load  at  assembled  height  not  less  than  992  pounds 
Final  free  height 


2.80  inches. 
6.04  inches. 
4.35  inches. 
1.16  inches. 
1.34  inches. 
900  pounds. 
2.80  inches. 


ITEM  20. 


Free  height 

Outside  diameter  solid  not  less  than  3.812  (3f|)  inches 
Inside  diameter  free  not  less  than  2.812  (2j|)  inches. . . 

8olid  height  not  more  than  0.718  inch 

Assembled  height  0.875  (f|)  inch 

Load  at  assembled  height  not  less  than  450  pounds . . . 
Final  free  height 


116404—20 38 


2.06  inches. 
3.80  inches. 
2.85  inches. 
0. 69  inch. 
0.875  inch. 
500  pounds. 
2.06  inches. 
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SPRINGS. 


COMPRESSION  TEST  OF  FOXJB   SPRINGS   FOB  THE  WATEBTOWN 

ABSENAIi. 

Test  of  $pring8. 


Free  height 

Height  after  100  compressions . 
Load  at  height  of  1.635  inches . 
Height  at  load  of  23.8  pounds . 

Solidheight 

Load  at  solid  height,  pounds . . 
Outside  diameter  when  solid . 

Number  of  coils 

Final  free  height 


Requirements. 


2. 125  inches. 


23.8  pounds. 
1.535  inches. 
Not  given.. 
Not  given.. 
0.375  inch.. 

20 

2. 125  inches. 


• 

Springs. 

1 

2 

3 

2.13 

2.10 

2.10 

2.11 

2.06 

108 

23.5 

23.0 

23.0 

1.51 

1.40 

1.51 

1.24 

1.25 

1.25 

30.0 

38.0 

38.5 

a  36 

a  35 

0.36 

20.0 

20.0 

19.75 

2.10 

2.06 

2.07 

2.14 
2.10 

24.0 
1.53 
L25 

38.0 
a  36 

20.0 
2.00 


COMPRESSION  TEST  OF  A  NEST  OF  COT7NTER-RECOLL  SPRINGS 
FOB  16-INCH  HOWITZER  RAILWAY  MOUNT,  MODEL  E,  FOB  THE 
WATEBTOWN  ARSENAL. 

The  nest  consists  of  inner,  intermediate,  and  outer  counter-recoil 
springs. 

Springs  tested  as  assembled  and  measurements  taken  on  outer 
spring. 

Tut  of  springs. 

Free  height 43.05  inches. 

Height  at  load  of  24,000  pbunds 33.70  inches. 

Load  at  assembled  height  of  27.25  inches 43,100  pounds. 

Solid  height 20.40  inches. 

Load  at  solid  height 65,800  pounds. 

Releasing  load  at  assembled  height  of  27.25  inches 41,000  pounds. 

Second  test  on  same  nest  of  springs. 

Load  at  assembled  height  of  27.25  inches 40,700  pounds. 

Solid  height 20.40  inches. 

Load  at  solid  height 65,800  pounds. 

Outside  diameter  solid  maximum 15.75  inches. 

Releasing  load  at  assembled  height  of  27.25  inches 40,800  pounds. 

Height  at  load  of  24,000  pounds 32.80  inches. 

Final  free  height 42.80  inches. 

COMPRESSION  TEST  OF  ONE  COTXNTEB-BECOIL  PISTON  SPRING 
FOB  12- INCH  HOWITZER  CARRIAGE,  MODEL  E,  FOB  WATER- 
TOWN  ABSENAL. 

* 

Spring  was  received  from  inspection  department,  Watertown 
Arsenal. 

Test  of  springs. 


Free  height 

Outside  diameter  solid,  not  more  than. 
Inside  diameter  free,  not  less  than ...... 

Solid  height,  not  more  than 

Load  when  solid 

Height  at  load  of  260  pounds 

Load  at  assembled  height  of  1.75  inches. 
Final  free  height 


Required. 


5.75  inches 

4.80  inches 

1.093(1  A  inches). 


1.75  inches. 
250  pounds. 


Results. 


2.86  inches. 
5.71  inches. 
4.86  inches. 
1.05  inches. 
550  pounds. 
1.60  inches. 
200  pounds. 
2.861nches. 
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COMPRESSION  TEST  OF  ONE  COUNTER-RECOIL  PISTON  SPRING  FOR 
12-INCH  HOWITZER  CARRIAGE  FOR  WATERTOWN  ARSENAL. 


Test  of 

spring. 

% 

Requirements. 

Results. 

Outside  diameter. 

5.03  inches 

6  inches. 
4.86  inches. 
1.35  Inches. 
2.43  inches. 
0.55  inch. 
210  pounds. 
1.66  inches. 

Inside  diameter , - 

4.8  inches 

Solid  height .^ 

1 .38  inches 

Free  height . 

2.25  inches 

THfunntAr  of  1*m»   _ . 

0.562  inch 

Load  at  assembled  height  of  1.75  Inches 

Not  less  than  250  pounds 

Hniffht  at  lnnri  of  350  pound* 

The  load  on  the  release  from  solid  height  to  the  assembled  height 
of  1.75  inches  was  175  pounds. 


COMPREHENSIVE  TESTS  ON  TWO  BELLEVILLE   SPRINGS. 

The  specimens  tested  were  two  Belleville  Springs,  one  sample 
being  a  pivot  spring  and  the  other  sample  a  friction  clutch  spring. 
These  samples  were  tested  on  a  hand-driven  screw  compression  Olsen 
type  machine,  and  were  subjected  to  25  successive  compressions,  as 
prescribed  in  specifications  on  drawing  No.  40017,  Division  A.  The 
deflection  was  measured  on  the  last  compression. 

J-—^ 

£^/^|>  Measured   before   test 

*—SM      "    at  ttme  of  test  at  rated  toed 
1        T      EH  -  S.H  .    Deflectto^ 


FH  ■  FH'  -  Set 

F  H '  u/as   mtros  ured  at  end   of 
iS  *     compress/on 


Specimen. 


Pivot 

Friction  clutch  spring. 


Free 
height. 


Inch. 
0.772 
.641 


SoUd 
height. 


Inch. 
0.589 
.436 


Deflec- 
tion. 


Inch. 
0.14 
.22 


Set. 


Inch. 
0.00 
.002-  0.001 


TENSILE  TEST  OF  THREE  STEEL  SPRINGS  (BRAKE  LEVER)  FOR 

THE  WATERTOWN  ARSENAL. 


Test  of  springs. 


Sixe  of  wire  (diameter,  inch) 

Number  of  coils 

Closed  height,  approximate 

Closed  height  after  opening  and  closing  100 
times  (inches). 

Length  of  height  at  load  of  244  pounds 

Final  closed  height ■ 


Required. 


12.5 

2.35  inches. 


4.23  inches. 
2.35  inches. 


0.193 
11.5 
2.30 
2.37 

3.87 
2.38 


Springs. 


0.193 
11.5 
2.30 
2.60 

4.14 
2.60 


0.193 
11.5 
2.32 
2.42 

3.97 
2.42 
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SPKINGS. 


Special  notes  or  requirements. — Number  of  coils  to  be  12.5;  closed 
height  approximately  2.35  inches;  loaded  with  244  pounds  4.23 
inches.  The  coils  to  be  compressed  100  times  and  springs  to  return 
to  their  original  length  without  being  set. 

COMPRESSION  TEST  OF  ONE  BUFFER  SPRING  FOR  THE  WATER- 
TOWN  ARSENAL. 

Test  of  spring . 


Solid  height 

Load -at  assembled  height  of  4ft  inches. 

Height  at  load  of  145  pounds 

Outside  diameter,  solid 

Diameter  of  wire 

Number  of  coils 


Requirements. 


Not  more  than  2  inches. 
145  pounds 


Not  more  than  21  inches. 

0.22  inch 

9 


Results. 


1}  inches. 
76  pounds. 
3.27  inches. 
2.25  inches. 
0.22  inch. 
9. 


The  last  coil  at  each  end  being  ground  flat. 

COMPRESSION  TEST  OF  ONE  BUFFER  SPRING  (SAMPLE  SPRING) 
FOR  6-INCH  DISAPPEARING  CARRIAGE,  1905MI  AND  1905MII, 
FOR  WATERTOWN  ARSENAL. 

Test  of  spring. 


Free  height 

Outside  diameter,  maximum 

Inside  diameter,  minimum *. 

Load  when  solid,  not  less  than 

Height  when  solid,  maximum 

Load  at  assembled  height  of  18. 125  inches,  when 

under ".  -. 

Height  at  load  of  230  pounds 

Final  free  height 


Required. 


25  inches 

4.25  inches.. 
3.375  Inches. 
550  pounds. 
8.5  inches. . . 


230  pounds. . 
18.125  inches. 


Results. 


24.90  Inches. 
4.30  inches. 
3.41  inches. 
580  pounds. 
6.62  inches. 

190  pounds. 
16.90  inches. 
24.80  inches. 


COMPRESSION  TEST  OF   SEVEN  BUFFER   SPRINGS  FOR  WATER- 
TOWN  ARSENAL. 

Buffer  springs  for  United  States  disappearing  carriage,  L.  F.  model 
1896,  for  12-inch  breech-loading  rifle. 

Test  of  springs. 


of  3 


Free  height 

Outside  diameter 

Inside  diameter 

Diameter  of  wire 

Load  at  compression 

inches 

Height  at  load  of  3,250 

pounds 

Load  to  close  solid 

Height  when  solid  (inches). . 
Final  free  height  (inches) . . 


Results  of  teste— Springs. 


Required. 


18.5  inches.. 
3.75  inches.. 
2.25  inches.. 
0.75  inch 


3.250  pounds. 


6,000  pounds. 


14.45 
4,500 
13. 94 

18.12 


1,900 

14.05 
5,000 
12.72 
17.50 


3 

4 

5 

6 

18.55 

18.52 

18.50 

18.51 

3.73 

3.74 

3.75 

3.75 

2.24 

2.29 

2.28 

2.27 

0.75 

0.75 

0.75 

0.75 

2,500 

2,400 

2,500 

2,400 

14.54 

14.40 

14.51 

14.60 

4,500 

4,300 

4.700 

4,700 

13.55 

13.50 

13.46 

13.39 

18.24 

18.11 

18.14 

18.13 

18.50 
3.75 
2.27 
0.75 

2,400 

14.45    ! 
5,200 
13.43 
18.00 


SPRINGS. 
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COMPRESSIVE  TEST  OF  ONE  SAMPLE  SPRING  FOB  GREASE  CX7P 

FOR  WATERTOWN  ARSENAL. 


SoUd  height. 

Load  when, 
solid. 

Final  free 
height. 

Inside  diam- 
eter, free. 

RflqpirMl , . .    T  T , 

T/fss  than  0.75  inch 

552  pounds 

800  pounds 

1A  inches... 
1.37  inches.... 

flinch. 
0.70  inch. 

Results  

0.74  inch 

COMPRESSIVE  TEST  OF  ONE  SAMPLE  SPRING  FOR  GREASE  CXJP 

FOR  WATERTOWN  ARSENAL. 


Solid  height. 

Load  when 
solid. 

Final  free 
height. 

Inside  diam- 
eter, free. 

ftaauirfld       

Less  than  0.75  inch 

1 A  inch 

1.47  inches 

Hinch. 
0.70  inch. 

Results      

0.74  inch 

COMPRESSIVE  TEST  OF  ONE  GREASE  CUP   SPRING  FOR  WATER- 
TOWN  ARSENAL. 


Load 

Height,  free 

(pounds). 

(inches). 

0 

1.38 

140 

1.25 

285 

1.13 

435 

1.00 

580 

.88 

738 

.75 

7fto 

.74 

818 

.73 

940 

.72 

CHAIN 
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CHAIN. 


Proof  stresses  applied  to  sling  chain. 


Diameter 

of  wire 

(inches). 

Length  of 

link 
(inches). 

Width  of 

link 
(Inches). 

Load  in 

service 

(pounds). 

Proof  load 
(pounds). 

Length 

tested 

(inches). 

Elongation 
(per  cent). 

Percent 
elongation. 

0.52 

2.50 

1.70 

4,000 

7,300 

100 

2.95 

2.95 

.50 

2.36 

1.67 

4 

,600 

7 

300 

100 

.75 

.75 

.78 

5.08 

2.54 

10 

,400 

11 

550 

200 

2.97 

1.43 

.78 

5.08 

2.51 

10 

400 

11 

,550 

200 

1.75 

.87 

.78 

5.08 

2.53 

10 

,400 

11 

550 

200 

2.39 

1.19 

.76 

5.17 

2.45 

10 

,400 

11 

550 

200 

2.24 

1.12 

.77 

5.17 

2.45 

10 

,400 

11 

550 

200 

2.20 

1.10 

.75 

5.17 

2.43 

10 

400 

11 

550 

200 

2.19 

1.09 

.76 

5.16 

2.45 

10 

,400 

11 

550 

200 

2.14 

1.07 

.74 

5.16 

2.43 

10 

,400 

11 

,550 

200 

1.68 

.84 

.75 

5.17 

2.40 

10 

400 

11 

,550 

200 

2.28 

1.14 

.77 

5.03 

2.55 

10 

,400 

11 

,550 

200 

.72 

.36 

.81 

4.25 

2.62 

10 

,400 

11 

550 

200 

2.01 

1.00 

.81 

4.25 

2.60 

10 

,400 

11 

550 

200 

1.88 

.94 

.82 

4-25 

2.62 

10 

,400 

11, 

550 

200 

1.94 

.97 

.81 

4.46 

2.61 

10 

400 

11 

550 

200 

1.46 

.73 

.81 

4.24 

2.64 

10 

,400 

11 

550 

200 

1.69 

.84 

.81- 

4.25 

2.62 

10 

,400 

11 

550 

200 

.98 

.44 

.81 

4.23 

2.64 

10 

400 

11 

550 

200 

1.53 

.77 

.81 

4.24 

2.62 

10 

400 

11 

550 

200 

2.04 

1.02 

.81 

4.23 

2.65 

10 

,400 

11 

550 

200 

1.54 

.77 

.81 

4.23 

2.62 

10 

,400 

U, 

550 

200 

1.76 

.88 

.81 

4.25 

2.62 

10 

,400 

H, 

550 

200 

1.95 

.97 

.81 

4.25 

2.62 

10 

400 

11, 

550 

200 

1.95 

.97 

.81 

4.22 

2.64 

10 

,400 

H, 

550 

200 

1.95 

.97 

.81 

4.24 

2.62 

10. 

,400 

11, 

550 

200 

1.90 

.95 

.78 

3.48 

2.61 

10 

400 

11, 

550 

200 

2.95 

1.47 

.78 

3.40 

2.56 

10 

,400 

11, 

550 

200 

3.10 

1.55 

.78 

3.53 

2.59 

10 

,400 

11, 

550 

200 

2.85 

1.42 

.78 

3.53 

2.57 

10 

,400 

11, 

550 

200 

2.76 

1.38 

.77 

5-01 

2.59 

10 

,400 

11 

550 

200 

.69 

.34 

.78 

5.01 

2.59 

10 

,400 

H, 

550 

*  200 

.73 

.37 

.77 

5.03 

2.59 

10 

,400 

U, 

550 

200 

.70 

.35 

.78 

5.04 

2.53 

10 

,400 

11 

550 

200 

.88 

.44 

.77 

5.04 

2.52 

10 

400 

11 

550 

200 

1.17 

.59 

.77 

5.04 

2.57 

10 

,400 

11 

550 

200 

.55 

.27 

.77 

5.00 

2.59 

10 

,400 

11 

550 

200 

.70 

.35 

.77 

5.02 

2.49 

10 

400 

11 

550 

200 

.85 

.42 

.77 

5.03 

2.55 

10 

,400 

11 

550 

200 

.83 

.41 

.77  • 

5.03 

2.52 

10 

,400 

11 

,550 

200 

.94 

.47 

.77 

5.01 

2.57 

10 

,400 

11 

550 

200 

1.18 

.59 

.77 

5.05 

2.55 

10 

,400 

11 

550 

200 

1.10 

.55 

.77 

5.04 

2.55 

10 

,400 

11 

550 

200 

.73 

.36 

.77 

5.02 

2.57 

10 

,400 

11 

550 

200 

1.06 

.53 

.77 
.77 

5.04 
5.03 

2.57 
2.56 

10 
10 

,400 
,400 

11 
11 

550 
550 

200 
200 

1.80 

.90 

.77 

5.04 

2.56 

10 

,400 

11 

550 

200 

1.65 

.82 

.77 

5.05 

2.49 

10 

,400 

11 

550 

200 

.98 

.49 

.77 

5.03 

2.51 

10 

,400 

11 

550 

200 

1.28 

.64 

.77 

5.03 

2.57 

10 

,400 

11 

550 

200 

1.97 

.98 

.77 

5.06 

2.54 

10 

,400 

11 

550 

200 

1.20 

.60 

.77 

5.02 

2.27 

10 

,400 

11 

550 

200 

1.04 

.52 

.77 

5.02 

2.53 

10 

,400 

11 

550 

200 

1.10 

.55 

.77 

5.03 

2.55 

10 

,400 

11 

550 

200 

1.12 

.56 

.77 

5.02 

2.55 

10 

,400 

11 

,550 

200 

1.60 

.80 

.77 

3.03 

2.47 

10 

400 

11 

550 

200 

1.55 

.77 

.77 

5.03 

2.52 

10 

,400 

11 

550 

200 

1.66 

.83 

.80 

3.60 

2.59 

10 

,400 

11 

550 

200 

2.72 

1.36 

.78 

354 

2.56 

10 

,400*- 

11 

550 

200 

1.92 

.96 

.78 

3.48 

2.56 

10 

,400 

11 

,550 

200 

3.33 

1.66 

.78 

3.65 

2.57 

10 

400 

11 

550 

200 

2.44 

1.22 

.77 

3.60 

2.58 

10 

,400 

11 

550 

200 

2.48 

1.24 

.77 

3.66 

2.56 

10 

.400 

11 

550 

200 

2.69 

1.34 

.78 

3.50 

2.62 

10 

,400 

11 

550 

200 

3.89 

1.94 

.78 

3.60 

2.57 

10 

,400 

11 

550 

200 

2.95 

1.47 

.78 

3.62 

2.59 

10 

,400 

11 

550 

200 

2.49 

1.24 

.77 

3,52 

2.56 

10, 

,400 

11, 

,550 

200 

2.93 

1.46 

.81 

4. 20 

2.63 

10 

,400 

11 

.550 

200 

2.06 

1.03 

.77 

3.52 

2.56 

10 

,400 

11 

,550 

200 

2.93 

1.46 

.77 

3.50 

2.55 

10 

,400 

11 

550 

200 

3.01 

1.50 

.77 

3.52 

2.54 

10 

,400 

11 

,550 

200 

2.20 

1.10 

.75 

3.50 

2.51 

10 

,400 

16 

,500 

100 

2.85 

2.85 

.75 

3.04 

2.70 

10, 

,400 

16. 

500 

100 

6.42 

6.42 

.75 

3.65 

2.65 

10 

,400 

16 

500 

100 

7.15 

'  7.15 

.76 

3.57 

2.54 

10 

,400 

16 

500 

100 

3.21 

3.21 

.76 

3.57 

2.54 

10 

400 

16 

.500 

100 

3.14 

3.14 

.88 

4.20 

2.90 

14 

200 

22 

,500 

100 

3.40 

3.40 

.89 

4.25 

2.92 

14 

200 

22 

,500 

100 

3.45 

3.45 

2.0625 

115 

,000 

50 

3.85 

7.7 

At  10,800  the  large  link  at  end  of  chain  fractured  at  small  end  of  link. 


PISTON  RODS 
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pistoh  rods. 


ONE   PISTON  BOD  FOB   SMITH   SHOP  HAMMER. 

Quenched  in  oil  at  800°  C.     Drawn  six  hours  at  600°  C. 


Charpy  (foot-pounds  per 
square  inch). 


403 
567 
441 
539 


4)1,950 


487— Average. 


This  test  is  considered  satisfactory.. 

PROOF  STBESS  APPLIED  TO  40  PISTON  BODS  FOB  3-INCH  ANTI- 
AIRCRAFT MOUNTS  FOB  WATERTOWN  ARSENAL. 

Model  of  1917. 

Proof  stress  required,  53,240  pounds  tension. 

Elongation  measured  in  a  gauge  length  of  8  inches,  the  first  point 
in  gauge  length  being  6}  inches  from  the  piston  head. 


Number  on  rod. 

Applied  loads 

■ 

500 
pounds. 

53,240 
pounds. 

500 
pounds. 

1 

Inch. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Inch. 
a  0025 
.0021 
.0032 
.0032 
.0029 
.0031 
.0033 
.0029 
.0034 
.0031 
.0034 
.0033 
.0034 
.0033 
.0029 
.0031 
.0031 
.0032 
.0029 
.0026 
.0029 
.0032 
.0031 
.0028 
.0030 
.0030 
.0030 
.0029 
.0031 
.0031 
.0030 
.0028 
.0031 
.0033 
.0032 
.0024 
.0032 
.0034 
.0036 
.0034 

Inch. 

0 
.    0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

3... 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15...; 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

No  number 

37 

38 

39 

40 
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PISTON  RODS. 


PROOF  STRESS  APPLIED  TO  FIVE  PISTON  BODS  FOB  3-INCH  ANTI- 
AIRCRAFT MOUNTS  FOB  WATERTOWN  ARSENAL. 

Model  of  1917. 

Proof  stress  required  40,944  pounds  tension. 

Elongation  measured  on  a  gauge  length  of  8  inches,  the  first  point 
in  gauge  length  being  6J  inches  from  the  piston  head. 


Number  on  rod. 

Applied  loads. 

600 

pounds. 

40.944 
pounds. 

500 

pounds. 

46 

47 

Inch. 
0 
0 
0 
0 
0 

Inch. 
0.0024 
.0014 
.0010 
.0010 
.0016 

Inch. 
0 
0 
0 
0 
0 

48 

49 

50 

PROOF  STRESS  APPLIED  TO  TWO  PISTON  BODS  FOB  12-INCH  HOW- 
ITZER  CARRIAGE,  MODEL  E,  FOB  WATERTOWN  ABSENAL. 

Model  E,  of  1916. 

Proof  stress  required  275,000  pounds  tension. 
Elongation  measured  on  a  gauge  length  of  20  inches,  the  first  point 
in  gauge  length  being  about  1 5  inches  from  the  piston  head. 


Number  on  rod. 

Applied  loads. 

600 

pounds. 

275,000 
pounds. 

500 

pounds. 

512 

Inch. 
0 
0 

Inch. 

0.0385 

.0375 

Inch. 
0 
0 

513 

A  proof  stress  of  275,000  pounds  tension  was  applied  to  each  rod. 


MISCELLANEOUS  TESTS 
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MISCELLANEOUS. 


Four  tensile  and  eight  Charpy  bars  were  taken  from  a  slab  cut 
from  a  trial  forging  for  155-miuimeter  howitzer  recoil  forgings  for 
the  Office  of  the  Chief  of  Ordnance.     The  analysis  was  as  follows: 


!        C.               Mo. 

1                                       i 

P. 

Per  cent. 
0.033 

8.         '        Si. 

i 

! 

J  Percent.  :  Percent. 
\          0.53    |          0.59 

i 

Percent,  i  Percent. 
0.030    •         0.2S 

Marks. 


1 
2 
3 
4 


Sectional 

Diameter 

area 

(inch). 

(square 

inch). 

0.505 

0.20 

.Z0o 

.20 

.50i 

.20 

.  505 

.20 

Yield  point. 


Tensile  strength. 


Load 
( pounds.) 


8,100 
8.300 

MOO 
8,200 


•Stress      I  Stress 

(pounds  per       Load       (pounds  per 

square     ,  (pounds.)  :     square 

inch.)  inch.) 


40,500 

41,500  I 

42,000  ' 

41,000  | 


15,800 
15,700 
15,800 
16,100 


79,000 
78,500 
79,000 
80,500 


Harks. 


1 

2 
3 
4 


Elongation  in 
2  inches. 


Inch. 


Per 
cent. 


0.30    i    19.0 


.28 
.52 
.49 


14.0 
26.0 
24.5 


Elonration  in  | 
inch  sections.   ■  Dtara- 
i  eter  at 
-;    frac- 
ture, 


Inch. 


Inch.     (inch). 


I 


0.21 

.04 
.18 
.20 


0.17 

.24 
.34 
.29 


0.43 

.47 
.38 
.42 


Con- 

0 

trac- 

tion of 
area 

Abearance  of  fracture.  . 

(per 

cent). 

!    27.4 

Fine  gran. ,  with  silt  y  spot  at  cir- 

i 
I 

cumference. 

!    13.3 

Do. 

43.3 

Dull  silky. 

30.7 

Fine  gran.,  with  sill  y  spot  near 

center. 

CHARPY  BARS  TAKEN  FROM  SLICE  CUT  FROM  TRIAL  FORGING 
FOR  156-MILLIMETER  HOWITZER  FORGING  FOR  THE  OFFICE  OF 
THE  CHIEF  OF  ORDNANCE. 


Test 

piece 

marks. 


1 
1 
2 
2 
3 
3 
4 
4 


Size  of  specimen 
(millimeters). 


10  by  10  by  55 
..do 


.do., 
.do., 
.do., 
.do., 
.do., 
.do.. 


Dimensions. 


Width 
(inch). 


0.396 
.396 
.398 
.396 
.396 
.396 
.396 
.396 


Thick- 
ness 
fiom 
bottom 
of  slot 
(inch). 


0.197 
.197 
.197 
.197 
.197 
.197 
.197 
.197 


Sectional 

area 

(square 

inch). 


0.0780 
.0780 
.07P0 
.0780 
.0780 
.0780 
.0780 
.0780 


Charpy  test  results. 


Excess 
angle. 


151.0 

151.0 

151.0 

150. 

150. 

149. 

150.3 

150.9 


8 
7 
5 


Foot- 
pounds 

ab- 
sorbed. 


3.05 
3.05 
3.05 
3.25 
3.35 
4.55 
3.  75 
3.15 


Foot- 
pounds 

per 
square 

inch. 


39 
39 
39 
41 
42 
58 
48 
40 


Average  , 
values  [ 
(foot-  . 
pounds  I 
per  | 
square 
inch).    ■ 


39 
40 
50 
44 


116404— 2(V 


-39 
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COMPRESSION  TEST  OF  FOUR  MARBLE  CUBES  FOR  THE  DEPART- 
MENT OF  COMMERCE,  BUREAU  OF  STANDARDS,  WASHINGTON, 
D.  C. 

One  thickness  of  blotting  paper  was  placed  between  the  cubes  and 
the  machine  heads. 
The  load  was  applied  on  the  faces  marked. 


Marks. 

Height 
(inches). 

1 

i 

1  Compressed  sur- 
i    face  (inches). 

1 
i 

Sectional 

area 
(square 
inches). 

5.405 
5.405 
5. 152 
5.107 

First  crack. 

Ultimate  strength. 

1 

Load 
(pounds). 

100,000    1 
103,000    ' 
86,000 
118,000 

1 

Pounds 

per 

square 

inch. 

Load 
(pounds). 

120,200    , 
126,800 
108,700 
122,300 

Pounds 

per 

square 

inch. 

17 
18 
19 
20 

2.33 
2.32 
2.23 
2.20 

2.33  bv  2.33 

2.32  by  2.33 

2.27  by  2.27  . 
1  2.20  bv  2.26 

i 

18,500 
19,000 
16,600 
23,100 

22,200 
23,400 
21,000 
23,000 

Pyramidal  fractures. 

PROOF  STRESS  APPLIED  TO  SIXTEEN  2  J -INCH  EYEBARS  FOR  TBS 
SPRINGFIELD  ARMORY,  SPRINGFIELD,  MASS. 

The  eyebars  are  to  be  used  in  the  administration  building  now 
being  erected  at  the  Springfield  Armory. 

The  object  of  the  test  is  to  te3t  the  welds  on  the  rods.  Proof  stress 
required,  50,000  pounds.     Length  of  bars  over  all,  15  feet  11^  inches. 


MISCELLANEOUS  TESTS. 
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1 
Applied  loads  (elongation  in 

10  inches) 

■ 

Marks  on  bars. 



1 

200 

50,000 

200         1 

pounds. 
Inch. 

pounds. 

pounds. 

| 

Inch. 

Inch. 

1    1 

0 

0.0062 

0         i 

2 

0 

.0051 

0         1 

3 

0 

.0050 

0.0002 

;    4 

0 

.d059 

0 

5 

0 

.0057 

.0002 

6 

0 

.0050 

0 

*v 

0 
0 

.0043 
.0049 

.0002 

8 

.0002 

9 

0 

.0052 

.0002 

10 

0 

.0044 

0 

11 

0 

.0050 

0 

12 

0 

.0048 

»  .0004 

13 

0 

.0055 

.0002      I 

'     14 

0 

.0038 

.0001 

15 

o 

.0050 

0    . 

16 

0 

.0076 

.0002 

i 

i  Rod  bent. 

A  gauge  length  of  10  inches  was  established  over  the  welded  por- 
tion of  tne  rod.  Elongations  were  measured  on  this  gauge  length 
with  a  Berry  extensometer. 

TENSILE  TESTS  OF  THREE  SPECIMENS  FOR  GEN.  T.  C.  DICKSON. 


Diameter 
(inch). 


0.5054 
.5060 
.5058 


Marks. 


Sectional 

area 

(square 

inch). 


0.2005 
.2010 
.2009 


Total 
pounds. 


11,400 
12,300 
11,700 


Pounds 


per  square 
inch. 


Tensile  strength. 


Pounds 


pE&  inx™ 


12 
15 


Elonga- 
tion in 
2  inches 
(per  cent). 


29.0 
28.5 
25.5 


56,800 
61,100 
58,200 


Diameter 

at  fracture 

(inch). 


18,800 
18,900 
18,800 


0.32 
.31 
.35 


Sectional 

area  at 

fracture 

(square 

inch). 


0.0804 
.0754 
,0962 


93,700 
94,000 
93,500 


Contrac- 
tion of 

area  (per 
cent). 


CHARPY  TEST  OF  BARS  FOR  SMALL  ARMS  SECTION,  ENGINEER- 
ING BUREAU,  WASHINGTON,  D.  C. 

Approximate  dimensions  of  bars,  2.15  inches  long,  0.217  by  0.217 
inch. 

Owing  to  the  small  size  of  these  specimens  the  pendulum  of  the 
Charpy  machine  was  arranged  to  swing,  without  any  resistance,  to 
100°  instead  of  to  155°,  as  is  the  case  in  regular  specimens. 
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Test  piece  marks. 

Dimensions. 

Sectional 

area 

(sqtiare 

inch). 

Angle 
(degrees). 

i 

i 

t 

i 

Width 
(inch). 

Thickness 

from 

bottom  of 

slot  (inch). 

18 

0.216 
.216 
.216 
.217 
.217 
.216 
.217 
.217 
.216 
.215 
.217 
.215 
.219 
.219 
.215 
.217 
.217 
.216 
.216 
.220 
.216 
.216 
.217 
.217 

0.197 
.197 
.197 
.197 
.197 
.197 
.197 
.197 
.197 
.197 
.197 
.197 
.197 
.197 
.197 
.197 
.197 
.197 
.197 
.197 
.197 
.197 
.197 
.197 

0.0425 
.0425 

.      .0425 
.0429 
.0429 
.0425 
.0429 
.0429 
.0425 
.0423 
.0429 
.0423 
.0431 
.0431 
.0423 
.0429 
.0429 
.0425 
.0425 
.0433 
.0425 
.0425 
.0429 
.0429 

i 

959 
96.0 
97.2 
952 
87.9 
93. 3 
94.7 

18 

2  8 

2  8 

3  8 

3  8 

4  8 

4  8 

94.9 

5  8 

84.1 
79.9 
84.1 
82.9 
95. 1 
95.9 
98.4 
96.1 
91.0 

5  8.... 

6  8 

6  8 

7  8 

7  8 

8  8 .• 

8  8 

14 

<     1  4 

94.6 

I     2  4 

95.0 
95.0 

|     2  4 

3  4 

94.9 

3  4 : 

87.8        i 

4  4 

85.4        1 

4  4 

81.9 

1 

1 

CHABPT  TEST  ON  BARS  FROM  240-MIIXIMETER  TRENCH  MORTAR 
BARREL  FORGINGS  FOR  THE  OFFICE  OF  THE  CHiEF  OF  ORD- 
NANCE, ENGINEERING  BUREAU,  WASHINGTON,  D.  C. 

M35  and  M44  are  from  barrel  forgings  from  heat  12001,  and  M66 
is  from  barrel  forging  from  heat  18063. 


Test 

piece 

marks. 

Size  of  specimen 
(millimeters). 

Dimensions. 

Sectional 

area 

(square 

inch). 

0.0782 
.0780 
.0780 
.0780 
.0780 
.0780 

Charpy  test  results. 

i 
Average, 
values 
(foot- 
pounds 

per 
square 
inch). 

Width 
(inch). 

Thickness 

from 

bottom 

of  slot 

(inch). 

Excess 
angle. 

i    Foot- 
Foot-    i  pounds 
pounds        per 
absorbed.,  square 
Inch. 

M35-L.. 
M35-L.. 
M44-L.. 
M44-L.. 
M66-L.. 
M66-L.. 

10  bv  10  by  55... 

do 

do 

do 

do 

do.? 

0.397 
.396 
.396 

..396 
.396 
.396 

0.197 
.197 
.197 
.197 
.197 
.197 

151.0 
150.5 
1510 
151.0 
1517 
151.9 

3.05 
256 
305 
3.05 
2.37 
2.18 

39 
32 
39 
39 
30 
27 

}       35 
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TENSILE  TEST  TAKEN  FROM  A  MALLEABLE-IRON  CASTING  (GUIDE 
BRACKET  FRONT,  RIGHT)  AND  BENDING  TEST  OF  A  DOOR  HINGE 
{FEMALE)  FOR  THE  ENGINEERING  BUREAU,  WAR  DEPARTMENT, 
WASHINGTON,  D.  C. 

Strips  about  one-half  inch  wide  were  taken  both  ways  of  the  cast- 
ing for  a  tensile  test.     Length  of  strips,  8  inches. 

Tensile  Tests. 


Marks. 


1. 
2. 


Width 
(inch). 


0.53 
.54 


Thick- 
ness 
(inch). 


Tensile  strength. 


0.50 
.50 


Sectional 

area 

(square 

inch). 


Load 


Stress 
(pounds 


(pounds),    per  square 
incn). 


0.265 
.270 


10,800 
14,500 


40,700 
53,700 


Elongation  in 
3  inches. 


Ineh. 


0.08 
.32 


Per  cent. 


2.66 
10.6 


Marks. 


1. 
2. 


Elongation  in  inch 
sections. 

Width 

(inch). 

Thick- 
ness 
(inch). 

Sec- 
tional 

area 

(square 

inch). 

Contrac- 
tion of 

area 

(per 
cent). 

Inch. 

Inch. 

Inch. 

0.03 
.13 

0.03 
.10 

0.02 
.09 

0.51 
.50 

0.4S 
.45 

0.245 
.225 

7.62 
16.6 

Appearance  of  fracture. 


Park    gray    with    large 

blowhole. 
Tark  gray  85  per  cent, 

gran.  15  per  cent. 


DOOR-HINGE   CASTING. 


Bending  Test. 


The  hinge  was  placed  in  a  vi-e  at  the  first  row  of  holes  or  at  the 
row  of  two  holes  and  bent  in  the  direction  the  hinge  would  be  used. 
At  an  angle  of  59°  the  hinge  fractured  across  the  row  of  holes.  Ap- 
pearance of  fracture,  65  per  cent  dark  gray  amorphous  on  the  tension 
side  and  35  per  cent  crystalline  on  the  compression  side.  The  frag- 
ment with  the  one  hole  was  then  placed  in  the  vise  and  bent  in  the 
opposite  direction.  At  an  angle  of  40°  this  fragment  fractured 
across  the  hole.  Appearance  of  fracture  60  per  cent  dark  gray 
amorphous  on  the  tension  side,  40  per  cent  crystalline  on  the  com- 
pression side. 

REPORT  OF  CAST-IRON  ANALYSIS— WATERTOWN  ARSENAL. 


Marks. 

T.C 

G.C 

c.c. 

Mn. 

Si. 

S. 

P. 

Malleable  iron  submitted  by  Col. 
Coles.  Washington 

Per  a. 
2.52 

Per  a 
2.00 

Per  et. 
0.52 

Per  et. 
0.33 

Per  et. 
1.00 

Per  et. 
0.043 

Per  et. 
0.086 
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TENSILE  TEST  OF  SPECIMENS  TAKEN  FROM  A  SECTION  OF  STEEL 
TUBING  AND  CHARPY  TEST  FROM  FOUR  PIECES  OF  STEEL  FOB 
TRENCH  WARFARE  DIVISION,  ORDNANCE  DEPARTMENT,  WASH- 
INGTON, D.  C. 

The  section  of  tubing  was  12J  inches  long,  8£  inches  inside  diam- 
eter, 9  inches  outside  diameter. 

Two  strips  2  inches  wide  were  cut  from  tubing  at  opposite  sides. 
These  strips  were  reduced  to  about  1  inch  wide  for  a  length  of  2 J 
inches  at  the  middle,  to  admit  of  testing.  The  tubing  had  been 
quenched  in  water  at  1,575°  F.,  drawn  1,200°  F.,  temperature  of 
water  100°  F. 

Test  of  tubing. 


Marks. 


1. 
2. 


Width 
(inch). 


Sectional 
Thickness !      area 
(inch).        (square 
inch). 


0.052 
.964 


0.272 
.293 


0.2589 
.2824 


Yield  point. 


Tensile  strength. 


Load 


Stress 
(pounds 


(pounds),  persquare 
inch). 


15,400 
17,900 


59.400 
63,300 


Load 
(pounds). 


26,600 
29,500 


Stress 

(pounds 

persquare 

Inch). 


102,700 
104,400 


Elongation  in 
2  inches. 


Marks. 


Inch. 


1. 
2. 


0.48 
.52 


Elongation  in 
inch  sections. 


Per 
cent. 


Inch. 


24.0 
26.0 


0.16 
.37 


Inch. 


0.32 
.37 


Dimensions  at  fracture. 


Width 
(inch). 


0.79 
.74 


Thick- 
ness 
(inch). 


0.19 
.20 


Section- 
al area 
(square 
inch). 


0.1501 
.1480 


Con- 
trac- 
tion of 
area 
(per 
cent). 


42.0 
47.0 


Appear- 
ance of 
fracture. 


Silky. 
Do. 


CHARPY  BARS  FOB  TRENCH  WARFARE  DIVISION,  WASHINGTON, 

D.  C. 

[Size  of  specimens,  10  by  10  by  £>  millimeters.] 


Test  piece  marks. 


IT 
IT 
IT 
IT 
2T 
2T 
2T 
2T 
1L 
1L 
1L 
1L 
2L 
2L 
2L 
2L 


Dimensions. 

Section- 
al area 

Thick- 

Width 

ness 
from 

(square 
inch). 

(inch). 

bottom 

of  slot 

(inch). 

0.396 

0.197 

0.0780 

.397 

.197 

.0782 

.396 

.197 

.0780 

.397 

.195 

.0776 

.398 

.198 

.0788 

.397 

.198 

.0786 

.397 

.196 

.0780 

.396 

.196 

.0776 

.395 

.198 

.0782 

.395 

.196 

.0774 

.397 

.197 

.0782 

.397 

.197 

.0782 

.396 

.197 

.0780 

.397 

.198 

.0786 

.396 

.196 

.0776 

.397 

.196 

.0780 

C harpy  test  results. 


Excess  i  Z2£a* 


147.5 
144.5 
144. 8 
145.0 
140.8 
137.5 
140.9 
143.0 
146.0 
148.8 
145.9 
148.8 
149.2 
149.1 
149.5 
144. 5 


6.65 

10.02 

9.66 

9.44 

14.45 

18.74 

14.33 

11.78 

8.30 

5.27 

8.41 

5.27 

4.85 

4.95 

4.55 

10.02 


Foot- 
pounds 

per 
square 

inch. 


85 

128 

123 

121 

183 

238 

183 

151 

106 

68 

107 

67 

62 

62 

58 

128 


Average 
values 
(foot- 
pounds 

per 
square 
inch). 
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COMPRESSION  TEST  OF  A    SPRING  BOX  FOB  THE   PLANT  ENGI- 
NEER, WATERTOWN  ARSENAL. 

Spring  box  is  used  on  crane  in  smith  shop  at  Watertown  Arsenal, 


Loads  ap- 
plied (total 
pounds). 

Length  of 
east  side 
(inches). 

Length  of 
west  side 
(inches). 

18.20 
17.95 
17.70 
17.45 
17.20 
16.95 
16.70 
16.45 
16.20 
15.95 
15.70 
15.45 
15.20 
14.95 
14.70 
14.45 
14.35 
14.25 
14.20 
18.17 

Compres- 
sion of 
spring 

(inches). 

200 
6,600 
9,200 
13,000 
17,000 
19.900 
23,800 
27,000 
30,700 
34,100 
37,200 
40,700 
44,000 
47,400 
50,800 
55,200 
57,000 
59,700 
59,200 
200 

18.17 
17.90 
17.70 
17.44 
17.15 
16.95 
16.68 
16.40 
16.19 
15.95 
15.74 
15.50 
15.28 
15.05 
14.78 
14.49 
14.40 
14.30 
14.28 
18.12 

0 
* 

! 

1.00 
1* 

W 

2.00 
2* 

a 

3.00 
3* 

:;i 

3.85 
3.95 
4.00 
0 

Initial  load. 
Springs  solid. 

Measurements  taken  between  the  yoke  and  inside  of  plate  at  top 
of  box. 

TENSILE  TEST  OF  TWO  SAMPLES  OF  PRINTING  PAPER  FOR  THE 
ENGINEERING  DEPARTMENT,  WATERTOWN  ARSENAL. 

Two  samples,  marked  B  and  N,  received  from  engineering  depart- 
ment,  to  be  tested  when  soaked  in  water  and  when  dry. 

Strips  1  inch  wide  were  cut  from  the  paper  in  the  rolling  direction 
or  longitudinally. 

Length  of  samples  over  all,  about  7  inches.  Length  between  clamps, 
3  inches. 


Marks. 

Dimensions. 

Sectional 

area 

(square 

inch). 

Tests. 

Pounds 

per 

square 

inch. 

6,828 
1,059 
4,993 
1.C51 

Width 
(inches). 

Thlckncs." 
(inches). 

1 

Lbs.  Of. 
25      4 

4  4 
17    15} 

5  14} 

2 

{    Mean. 

3         1 

1 

1 

B,  dry 

B.  wet 

N,dry 

|    N,wet 

1.00 
1.00 
1.00 
1.00 

0.0036 
.0034 
.0035 
.0031 

i 

0.0036 
.0034 
.0035 
.0031 

Lbs.  Oz. 
26     0 

3  7* 
17      9 

4  10ft 

Lbs.  Oz.  ,  Lbs.  Oz. 
22      8        24      9} 

3  13}        3    134 
16    14}       17      7| 

4  13          5      2 
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CHABPY  BABS  FOB  THE   SPRINGFIELD  ARMORY. 


Test  piece 
marks. 

Size  of  specimen 
(millimeters). 

Dimensions. 

Sectional 

area 

(square 

inch). 

Charpy  test  results. 

Width 
(inch). 

Thick- 
ness from 
bottom 
of  slot 
(inch). 

Excess 
angle. 

Foot- 
pounds 

absorbed. 

i 

i 

Foot- 
pounds 

(per 
square 

inch).    : 

183 

Dl 

10  by  10  by  55 

0.395 
.395 
.3Q5 
.395 
.3?5 
.395 
.395 
.  325 
.395 
.395 
.3'5 
.395 
.395 
.396 
.395 
.395 
.3'5 
.394 
.395 
.395 
.395 

0.195 
.194 
1       .201 
.194 
.194 
.193 
.203 
.195 
.203 
.194 
.206 
.188 
.193 
.192 
.188 
.18* 
.1*3 
.192 
.191 
.195 
.191 

0.0770 
.0766 
.0794 
.0766 
i      .0766 
.0762 
.0802 
.0770 
.0902 
.0766 
.0814 
.0742 
.0762 
.0760 
.0742 
.0742 
.0762 
.0756 
.0754 
.0770 
.0754 

141.0 
135.1 
140.4 
»      135.3 
132.8 
132.0 
129.4 
130.8 
128.3 
130.5 
136.9 
139.4 
138.2 
136.5 
129.3 
134.2 
134. 0 
125,9 
132.1 
130.1 
134.3 

14.21 
22.02 
14.97 
21. 74 
i      25.32 
26.50 
30.44 
28.30 
32.15 
28.75 
19.55 
16.24 
17.80 
2a  10 
30.60 
23.30 
23.58 
35.  P6 
28.35 
29.36 
23.15 

D2 

do 

287     ' 

D3 

do 

188    ! 

D4 

do 

283     1 

D5 

do 

i          330    1 

|    D6 

D7 

do 

do 

347 
278 
367 
400 
375 
240 
218 
233 
264 
412 
314 
309 
475 
349 
381 
307 

D8 

do 

D9 

do 

D10 

do 

El 

do 

E2 

E3 

do 

do 

E4 

do 

E5 

do 

Efl 

do 

E7 

do 

E8 

do 

E9 

E10 

do 

do 

Fl 

do 

F2 

do 

F3 

do 

.396 
.396 
.395 
.395 
.396 
.395 
.395 
.396 
.392 
.394 
.394 
.393 

.192 
.192 
.193 
.192 
.192 
.192 
.186 
.193 
.179 
.185 
.209 
.188 

.0760 
.0760 
.0762 
.0758 
.0760 
.0758 
.0734 
.0764 
.0703 
.0728 
.0823 
.0748 

131.0 
134.5 
130.2 
134.1 
132.0 
130.9 
133.1 
129.3 
143.9 
144.3 
144.9 
144.2 

28.00 
22.86 
29.20 
23.44 
26.50 
28.15 
24.88 
30.60 
10.72 
10.25 
9.55 
10.36 

368 
300 
381 
309 
348 
371 
338 
400 
152 
140 
116 
138 

F4 

do 

F5 

do 

F6 

do 

F7 

do 

F8 

do 

F9 

FtO 

do 

do , 

N6 

N7 ' 

No...: ! 

N12 

do 

do 

do 

do , 

TENSILE  TEST  OF  THREE  STEEL  SPECIMENS  FOB  THE  BOCK 
ISLAND  ARSENAL,  BOCK  ISLAND,  ILL. 

Three  samples  of  l^-inch  round  steel  about  8  inches  long  were 
received.  These  were  turned  down  to  the  regular  0.505  tensile 
specimens.  The  specimens  are  for  the  purpose  of  comparing  the 
results  with  test  made  at  the  Rock  Island  Arsenal. 


Diameter 
(inch). 


Sectional 

area  (square 

inch). 


Proportional  limit. 


Tensile  strength. 


0.5050 
.5044 
.5050 


Load 
(pounds). 


Stress 
(pounds    j      Load 
per  square    (pounds), 
inch),      i 


10,000 
9,800 
9,800 


49,900 
49,000 
48,900 


14,700 
14,500 
14,800 


Stress 

(pounds 

per  sauare 

Inch). 


73,400 
72,500 
73,900 


Marks. 


5. 
15 
19 


Elongation  in 
2  inches. 

Elongation  in 
inch  sections. 

Inch. 

Per  cent. 

Inch. 

Inch. 

0.71 
.70 
.69 

35.5 
35.0 
31.5 

0.20 

.48 
.38 

0.51 
.22 
.31 

Diameter 

at 

fracture 

'inch). 


Contrac- 

arean(£r  '  Appearance  of  fracture, 
cent).    I 


i 


0.29 
.29 
.29 


67.0 
66.9 
67.0 


Silkv. 

Do. 
Silky  cup  and  cone. 
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Applied  loads. 


TmtAl       Pounds 
pound,.  P»«Tre 


200 
1,000 
2,000 
4,000 
6,000 
7,000 
7,400 
8,000 
8,400 
8,800 
9,000 
0,200 
9,400 
9.  COO 


1,000 
5,000 
10,000 
20,000 
30,000 
35,000 
37,000 
40,000 
42,000 
44,000 
45,000 
46,000 
47,000 
48,000 


9,800    !    49,000 
10,000    '    50,000 


Elongations  in  2  inches. 


0 
0.0002 
.0006 
.0016 
.0023 
.0026 
.0028 
.0030 
.0032 
.0034 
.0034 
.0035 
.0036 


{ 


.0037 

.0041 
.0070 


15 


0 
0.0002 
.0008 
.0014 
.0022 
.0025 
.0027 
.0028 
.0030 
.0031 
.0032 


{ 


.0034 
.0035 
.0040 
.0088 


19 


0 
0.0002 
.0006 
.0016 
.0024 
.0026 
.0027 
.0030 
.0031 
.0033 
.0034 
.0035 
.0035 
.0036 
.0038 
.0056 


Remarks. 


}  Proportional  limit  on  Nos.  15  and  19. 
\  Proportional  limit  on  No.  5. 


Berry  extensometer  used. 

TENSILE  TEST  OF  TWO  SAMPLES  OF  COVERING  MATERIAL  FOB 
GAS  CHECK  PADS  FOB  SANDY  HOOK  PROVING  GROUND,  FORT 
HANCOCK,  N.  J. 

Samples  marked  XI  and  XII. 

Two  tests  were  made  from  each  sample,  one  one  way  of  the  material 
and  one  the  other  way. 

Length  of  samples  over  all,  about  6  inches.  Length  between  fix- 
tures, 2  inches.    Width  of  sample,  1  inch. 


Marks. 
XI 

Direction  tested. 

Number 

of 
threads. 

Width  of 
sample 
(inch). 

Tensile 

strength 

(pounds). 

One  way 

38 
28 
33 
43 

1 

1 
1 
1 

112 

XI 

Other  way 

63 

XII 

One  way 

94 

XII 

Other  way 

104 

Sample  XII  had  been  treated  with  a  mixture  of  4£  lubricant  and 
graphite. 

CHARPY  IMPACT  TESTS  OF  BABS  FBOM   SAMPLES  OF  240-MTLLI- 
METEB  TBENCH  MOBTAB  BABBEL  FORGINGS. 

[Size  of  specimens,  10  by  10  by  55  millimeters  ] 


Test  piece  marks . 


M4-B 
M4-B 
M4-B 
M4-B 
M4-M 
M4-M 
M4-M 
M4-M 


Dimensions. 

Thick- 

Width 
(inch). 

ness  from 

bottom 

of  slot 

(inch). 

0.396 

0.197 

.396 

.197 

.396 

.197 

.396 

_     .197 

.396 

.197 

.393 

.197 

.396 

.197 

.393 

.197 

Sectional 

area 

(square 

inch). 


Charpy  test  results. 


Excess 
angle. 


0.0782 
.0782 
.0782 
.0782 
.0782 
.0774 
.0782 
.0774 


150.9 
151.6 
151.7 
151.2 
151.5 
148.0 
151.4 
151.0 


Foot- 
pounds 
absorbed. 


3.15 
2.47 
2.37 
2.85 
2.56 
6.11 
2.66 
3.06 


Foot- 
pounds 

per 
square 

inch. 


40 
31 
30 
36 
31 
78 
34 
39 


Average 
values 
(foot- 
pounds 

per 
square 
inch). 


34 


38 
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TENSILE  TEST  OF  TWO  SPECIMENS  (PLATE)  TAKEN  FROM  SEAM- 
LESS TUBING  FOB  THE  ORDNANCE  DEPARTMENT,  TRENCH  WAR- 
FARE BRANCH,  DESION  SECTION. 

Two  pieces  of  3.20-inch  inside  diameter  tubing  14  inches  long  were 
received. 

The  specimens  tested  were  strips  2  inches  wide  cut  from  the  tubes. 
These  were  machined  down  to  a  width  of  about  1  inch  for  a  length  of 
4  J  inches  at  the  middle  of  length.  The  specimens  were  tested  as  cut 
from  the  tubes  without  any  flattening  operation. 


i. 

2. 


Marks. 


Thickness 

(inch). 


Yield  point. 


Tensile  strength. 


Sectional  , ■ — 

area  Stress 

(ffifC   '     Lo&d        (pounds  '     Load 
'*      (pounds),  per  square  •  (pounds). 

inch). 


Stress 

(pounds 

per  square 

inch). 


103,200 
101,200 


Marks. 


■    1. 
.    2. 


Elongation 
in  4  inches. 

Elongation  in  inch  sections. 

Width 
(inch). 

Thick- 
ness 
(inch). 

Sec- 
tional 

area 
(square 
inch). 

Con- 
trac- 
tion of 
area 
(per 
cent). 

33.3 
25.3 

Inch. 

0.54 
.40 

Per 
cent. 

Inch. 

Inch. 

Inch. 

Inch. 

13.5 
12.2 

• 

0.10 
.13 

0.00 
.15 

0.20 
.14 

0.06 
.07 

0.87 
.86 

0.10 
.21 

0.1653 
.1806 

Appear- 
ance of 
fracture. 


8ilky. 
Do. 


TENSILE  AND  CHARPT  TESTS  OF  STEEL  BARS  WELDED  AND  NOT 
WELDED  FOR  THE  ORDNANCE  DEPARTMENT,  TRENCH  WAR- 
FARE BRANCH,  DESIGN  SECTION,   GTTN  DIVISION. 

Two  samples  received.    Samples  11  inche3  long,  3  inches  wide, 
J  inch  thick,  welded  in  the  center. 
Charpy  bars  and  tensile  specimens  taken  so  as  to  include  the  weld. 


Marks. 

Yield  point. 

Tensile  strength. 

i  iametcr 
(Inch). 

Sectional 

area 
(square 
Inch). 

Load 
(pounds). 

Stress 
(pounds 

per 

square 

inch). 

Load 
(pounds). 

Stress 
(pounds 

per 
square 
inch). 

Not  weldedJJ 

Welded..../} 

Not  welded -J  2 

Welded.. ..|| 

0.357 
.357 
.357 
.357 
.357 
.357 
.357 
.357 

0.100 
.100 
.100 
.100 
.100 
.100 
.100 
.100 

2,500 

2,300  . 

2,500 

2,500. 

2,200 

2,200 

2,200 

2,200 

25,000 
23.000 
25,000 
25,000 
22,000 
22,000 
22,000 
22,000 

4,700 
4,645 
4,615 
4,620 
4,470 
4,500 
4,550 
4,520 

47,000 
46,450 
46,150 
46,200 
44,700 
45,000 
45,500 
45,200 
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Marks. 


Not  welded/} 
Welded.... {} 
Not  welded-! 
Welded. 


Elongation  in 
2  inches. 


Inch. 


0.85 
.81 
.70 
.65 
.88 
.83 
.09 
.65 


Per 
cent. 


42.5 
42.0 
35.0 
32.5 
44.0 
41.5 
34.5 
32.5 


Elongation  in 
inch  section*. 


Inch. 


0.56 
.54 
.21 
.20 
•  oy 
.55 
.19 
.14 


Inch. 


0.29 
.30 
.49 
.45 
.29 
.28 
.50 
.47 


riaroe- 
terat 
frac- 
ture 
(inch). 


Contrac- 
tion of 

area 

(per 
cunt). 


Appear- 
ance of 
fracture. 


0.  IS    ' 
.18 
.16 
.18    ' 

.18  I 
.18  ' 
.18  ! 
.18 


47.6  Silky 

47.6  |...do. 

79.9  ...do. 

74.6  '...do. 

74.6  i...do. 

74.6  i... do. 

74.6  '.. .do. 

74.6  '...do. 


Average 

of  3 
Charpy 

bars." 


476 

233 

224 

68 


Welded  specimens  fractured  }  inch  to  1  inch  away  from  the  weld. 

TENSHiE  TEST  OF  TWO  PIECES  OF  FIBER  AND  FOUR,  PIECES  OF 
WOOD  (BLACK  WALNUT)  FOB  SPRINGFIELD  ARMORY,  SPRING- 
FIELD, MASS. 


Marks. 


Kind. 


1 |  Fiber,  brown 

2 Fiber,  red 

1 Wood,  across  grain. 

2 1 do 

3 Wood,  with  grain.. 

4 ; do 


Dimensions. 


Width 
(inch). 


1.00 
1.00 
1.00 
1.00 
1.00 
1.00 


i 


Tensile  strength. 


!  Sectional 
I     area 


Thick-   !  (square        Tftfti, 
ness         inch).    ■  fv^z^es 
inch).  |  (pounds). 


Pounds 

Per 

square 

inch. 


4,711 
3,400 
961 
980 
1,8.% 
1,788 


in 


Specimens  No.  3  and  No.  4  not  broken;  sheared  the  fibers  of  wood 
holder. 


TENSILE  TEST  OF  TWO  PIECES  OF  WOOD  (BIRCH)  FOR  THE  SPRING- 
FIELD ARMORY,  MASS. 


Marks. 


None... 
Do. 


T  i  mens  ions. 


Kind  (birch). 


Width 
(inches). 


Across  grain. 
With  grain.. 


1.02 
1.02 


(inch). 


0.51 
.50 


1    Tensile  strength. 


Sectional :  — 
area 

Thick-      (square  i     Tjrtoj 
ness         inch).    '     Lnad 


(pounds). 


0.52 
.51 


450 
1,250 


Pounds 

per 

square 

inch. 


865 
2,460 


The  specimen  tested  with  the  grain  was  not  broken,  but  the  fibers 
of  wood  were  sheared  in  the  holder. 
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HARDNESS  TEST   OF    SIX 


FULCRUM   BLOCKS   FOB   WATERTOWN 
ARSENAL. 


The  hardness  was  taken  on  the  side  of  fulcrum  blocks  by  the  Shore 
scleroscope  method. 


Marks. 


None. 


o. 
o. 
o. 


Dimensions  ol  blocks. 


Shore  hardness. 


Maximum. '  Minimum.  .   Average. 


9.20  by  2  inches . . . 

do 

9.25  by  3.02  inches. 
do 


o :  16.30  by  2.53  inches. 


.do. 


84 
83 
90 
81 
83 
81 


78 
79 
83 
75 
79 
76 


81 
81 
86 
78 
81 
86 


Requirements  should  show  scleroscope  of  75  or  more. 

TENSILE  TEST  OF  BOUND,   TWISTED    SQUARE,   AND  DEFORMED 

BABS  AT  WATERTOWN  ABSENAL. 

Specimens  about  14  inches  long. 


MARKS    ON    SPECIMENS.  » 


A29,  J-inch  round;  retaining  wall;  foundry. 
Deformed: 

A30,  i-inch  square;  retaining  wall;  foundry. 

A32,  f-inch  square;  charging  room  floor;  foundry. 

A33,  i-inch  square ;  charging  room  floor;  foundry. 

A40,  i-inch  twisted  mold  pit;  foundry. 


Marks. 


A29 

A30 

A32 

A33 

A40 

~  i 


Marks. 


Sectional 

Diameter 

area 

(inch). 

(square 

inch). 

0.R8 

0.608 

.5 

.250 

.36 

.129 

.5 

.250 

.5 

.250 

Yield  point. 


Load 
(pounds). 


Stress 

(pounds 

per  square 

inch). 


Tensile  strength. 


22,400 

36,800 

10,400 

41,600 

5,700 

44,100 

10,200 

40,800 

0) 

0) 

Load 
(pounds). 


32,600 
15,500 
7,800 
14,800 
18,600 


8tress 

(pounds 

per  square 

inch). 


53,600 
62,000 
60,400 
59,200 
74,400 


Elongation  in 
2  inches. 


Elongation  in 
inch  sections. 


A  29 
A  30 
A32 
A  33 

A  40 


a  75 

37.5 

0.23 

1      .81 

40.5 

.52 

.  66 

33.0 

.22 

.68 

34.0 

.44 

0) 

(') 

0) 

a  52 

.29 
.44 
.24 

0) 


Diameter  at 

fracture 

(inch). 


Con- 
traction 
i      of 
i    area 

(per 
cent). 


Appearance  of 
fracture. 


0.74 

29.2 

0. 35  x  0. 36 

49.6 

.22x   .23 

61.2 

.30X   .28 

66.4 

.36x   .37 

46.8 

Fibrous,  seamy. 
SUky. 

DO. 
Da 
Do. 


i  Not  taken. 
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TENSILE  TEST  OF  THREE  SAMPLES  OF  CANVAS  USED  FOB  GAS 
CHECK  PAD  COVERS  FOB  WATERVLIET  ARSENAL. 

One  of  these  (cotton  canvas  No.  6)  is  the  kind  of  cloth  used  for  gas 
check  pad  covers  at  Watervliet  Arsenal. 

One  special  cloth  is  used  for  the  plastic  pads  of  19  cm.,  220,  240, 
24  cm.,  270  siege,  and  270  coast  defense  guns. 

One  ordinary  cloth  is  used  for  the  plastic  pads  of  the  80  mountain 
and  field  95,  120,  155  howitzer  and  155  long  guns. 

(The  last  two  are  from  the  translation  of  letter  received  from  the 
French  High  Commission  in  reference  to  cloth  covers  for  plastic  pads.) 

Inches. 

Length  of  specimens. .   4-5 

Length  between  fixtures 1 

Width  of  specimens 1 

Tensile  test. 


Marks. 


Cotton  canvas,  No.  6 . 

Do 

Special  cloth 

Do 

Ordinary  cloth 

Do... 


Direction  tested. 


Warp 

Filling 

One  way. . 
Other  way . 
One  way . . 
Other  way . 


Number 
of 


Tensile 


Width 
threads.    '  •$*■«  I  fflS. 


36 
26 
37 
39 
43 
38 


165 
185 
177 
249 
112 
108 


HARDNESS  TEST  (SHORE  SCLERO SCOPE)  ON  TWO  FULCRUM  ARMS 

FOR  WATERTOWN  ARSENAL. 

Hardness  taken  at  10  places  along  the  top  surface  of  the  arms. 
Requirements. — Scleroscope  hardness  of  40  or  more. 


Shore  hardness. 


Marks. 


None. 
None. 


1 

'  Maximum. 

Minimum. 

Average. 

1         92 
84 

65 
40 

78 
62 

HARDNESS  TEST  (SHORE  SCLEROSCOPE)  OF  SIX  STEEL  FULCRUM 
BEARING  BLOCKS  FOR  WATERTOWN  ARSENAL. 

Treatment — Quenched  in  water  at  850°  C.     Drawn  one  hour  at 
200°  C. 

Hardness  taken  at  six  places  along  the  edge  at  middle  of  length. 
Requirements. — Shore  of  75  or  more. 


Marks. 


Dimensions  of 
blocks. 


Shore  hardness. 


None 16.25  by  3.20  inches. 

None do 


Maximum. 


80 
75 


Minimum. 


Average. 


76 
69 


78 
72 
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TENSILE  TEST  OF  A  SAMPLE  OF  STRUCTURAL  MATERIAL  SUB- 
MITTED BY  CONSTRUCTION  DEPARTMENT,  WATERTOWN  ARSE- 
NAL. 

Sample  taken  from  material  .used  in  the  construction  of  oil  tank 
No.  1  for  the  new  heat-treating  plant  at  Watertown  Arsenal. 

Length  of  sample  over  all,  about  5  inches.  Width  of  sample,  1 
inch. 

Sample  was  reduced  in  width  to  0.40  for  a  length  of  2.20  inches 
at  the  middle  of  length. 


Marks. 


None. 


I A pproximate  yield  point.        Tensile  strength. 


Sectional 
Width     ,  Thickness         area 
(inch).  (inch).         (square 


I       Stress  '      Stress 

inch)      I      Load  (pounds  Load      i    (pounds 

miii  i.      i  (p0Unfjs)#      per  square     (pounds),     per  square 


0.399 


0.278 


0.110 


3,400 


squai 
QCh). 

30,910 


pr  sous 
inch). 


5,500 


50,000 


'  Elongation  in  '   Elongation  in 
I       2  inches.       '  inch  sections. 


Dimensions  after 
fracture. 


Marks. 


Inch.  I  c*£      Inch.  '  Inch    '  Width 


Con- 
trac- 
tion of 


Think  I^ttonali    area 

(inch>-  ( (inch).  I  ($™e  ,  cent>- 


Appearance  of 
fracture. 


None 0.39        19.5        0.19    i    0.20    '    0.39    >    0.23    i    0.080        27.2      Lamellar,  seamv. 


ABSORPTION  TEST  OF  TWO  BED  BUILDING  BRICKS  FROM  A  LOT 
FOR  USE  IN  THE  NEW  ASSEMBLING  SHOP  AT  WATERTOWN  AR- 
SENAL. 

Requirements. — Dry  brick  when  immersed  in  water  shall  not  absorb 
more  than  15  per  cent  of  its  own  weight. 


As  received. 


Lbs.    Oz. 
4       3 
4       2 


Weights. 


After  being 
on  hot  plate 
for  3}  hours. 


After  be  ins 

immersed  in 

water  161 J 

hours. 


Lbs.  Oz. 
4  31 
4       2} 


Lbs.    O:. 

4       8J 

4    in 


Gain. 


Ounces. 


5* 

8| 


Percent. 


8.17 
12.7 
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TENSILE  TEST  OF  A  PIECE  OF  WROUGHT  IKON  FOR  THE  WATER 

TOWN  ARSENAL. 

This  iron  is  for  use  for  making  and  repairing  chains. 
Length  of  bar  tested,  20  inches. 


Nominal 

diameter 

(inch). 


Diameter 

(inch). 


Yield  point. 


Sectional  area 

(square  inch).         T  _.  Stress 

(ooumls)  (Pounds  per 

(pounds).  squarfl  inch) 


0.75 


0.75    : 


0.441 


14,900 


Elongation  in 
8  inches. 


Tensile  strength. 


Load 
(pounds). 


21,300 


Stress 
(pounds  per 
square  inch). 


48,200 


Inch. 


Per 
cent. 


Elongation  in  inch  sections. 


Inch. 


Inch. 


2.20 


27.5      0.19 


0.20 


Inch. 


Inch. 


0. 23      0. 23 


Diam- 
eter 
(at  frac- 
ture 


Inch.  ,  Inch.  I  Inch.    Inch.  .  (inch) 


0.30  ■    0.57 


0.27      0.21  ,    0.55 


Con- 
trol   Appear- 
o«Lr  i    anoe  of 
g*     fracture. 

cent). 


46. 2  I  Fibrous. 


TENSILE  TEST  OF  A  SNAP  BUCKLE  FOR  TRANSPORT  VEHICLE 
PERTAINING  TO  THE  240-MILLIMETER  HOWITZER  CARRIAGE. 
MODEL  1918,  FOR  THE  WATERTOWN  ARSENAL. 

This  small  buckle  is  to  be  utilized  as  a  method  of  coupling  up  the 
flexible  cable  on  the  eye  end  and  one-half  inch  diameter  bolt  rod  on 
the  hook  end. 

The  hook  end  was  around  three-fourths  inch  diameter  pin. 

Measurements  taken  across  the  hook  portion  of  the  snap  buckle. 

Hook  started  to  move  at  a  load  of  400  pounds.  Hook  made  of 
malleable  iron,  galvanized. 

Details  of  test. 


Applied 

loads  (total 

pounds). 

Readings 
on  a  gauge 

lencth  of 
2.18  inches. 

i 
Remarks. 

i 
i 

100 
300 
400 
450 
475 
650 
700 
750 
800 
850 
875 
900 
910 

2.18 

2.18 

2.19 

2.22 

2.23 

2.23 

2.25 
o  ?o 

2.32 
2.44 
2.50 
2.56 

Hook  started  to  move. 
Maximum  load. 

Fractured  the  hook. 

Appearance  of  fracture. — Gray  amorphous,  with  crystalline  portion 
on  tne  compression  side. 
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PKIVATE   TESTS. 

Tests  for  private  parties. 


Date. 


1917. 

Aug.  1 

6 

29 

31 

Sept.  5 
10 
17 
28 


Oct.  27 
27 

Nov.  10 
10 

Dec.  7 
11 
27 

1918. 

Jan.  11 

Feb.  6 
11 
20 

Mar.  5 


-  i 


Material. 


Name. 


City  and  State. 


Portland  cement 

Steel 

Wire 

Concretecubes 

Concrete  building  block. 

do 

Steel  bars 

Steel 


Concrete. 

do... 

Chain 

Wire. . . . 


Portland  cement . 

Steel 

Wire 


Waldo  Bros.  (Inc.) 

Sauveur  &  BoyMon 

Morgan  Sprinc  Co 

Town  of  Westfleld 

Frank  M.  Kreuger . . . 

Schwendler  <fc  Miller 

Simpson  Bros.  Corporat ion 

International  Steeland  Ordnance  Cor- 
poration. 

Town  of  Methuen 

Capitol  Oil  Co 

Bridgeport  Chain  Co 

International  Steel  & 
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